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Tu-1.2 ACIAS
Executive & Committee Sessions

GUIDANCE IN INDUSTRIAL ARTS EDUCATION
Chm., Leonard Glismann; Rec., Patrick R. Doherty, Jr.; Part., T. Gardner Boyd; Host, Jake Reams.

DEVELOPING A GUIDE FOR—GUIDANCE
IN INDUSTRIAL ARTS

T. Gardner Boyd

The purpose of this program was explained by Mr. Boyd. He pointed out that this
was a project which was initiated at the Tulsa Convention. During this meeting the mem-
bers of the Council suggested that we produce a guide titled, ‘‘Guidance In Industrial
Arts.”” The supervisors meeting in San Franciscoalso devoted some time to further dis-
cussion on this subject. It was decided at this time to continue with this project at the
Philadelphia meeting in 1967.

Mr. Boyd discussed the following outline which was prepared from the material turned
in at previous ACIAS Convention work sessions:

GUIDE FOR: GUIDANCE IN INDUSTRIAL ARTS

I. Purpose
a. An overall description
b. To be used by:
(1) Industrial arts teachers
(2) Industrial arts teacher educators
(3) Industrial arts supervisors
(4) Counselors
(5) Administrators
c. Guidance for: General education
Higher education
Immediate employment
Specific career
Avocational - leisure time

II. Communication between the Administrators, Industrial Arts Teachexrs, Counselors

and Other Teachers
a. ldeas
b. Examples

1I1. Evaluating Materials Relating to Occupations' and Professions

a. Authenticity
b. Objectivity

c. Recency

d. Completeness
e. Suitability

IV. Orienting Students to Opportunities in Professional Fields and Their Place in Our
Modern Industrial-Technoiogical Society
a. Elementary - general
b. Junior high - exploratory
c. Senior high - more depth

V. Studying an Occupation or Profession
Nature®of work

Size and distribution

Future

Personal requirements
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Preparation

Working conditions

Economic returns
Occupational relationship
Entry into occupation
Advantages and disadvantages
Sources of further information
Opportunities in related fields
Flexibility for the future
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V1. Techniques and Procedures for Providing Information Relating to Occupations and
Professions ‘
a. Interviews
b. Materials in library
c. Career conference

d. Vocational day . s
e. Visitation to vocational classes
f. Others

The meeting was then organized into a work session in which the people in attendance
were divided into six groups. Each group was assigned a discussion leader and a topic
which dealt with one of the six chapters or sections which vere being considered for the
““Guide.”” Following is the list of discussion leaders and their topic:

Group 1 Louis J. Bazzette, Purpose

LA Group 11 James Gillilan, Communications

Group 111 Glenn Newhouse, Evaluating Materials
Group 1V Wesley Ketcham, Orienting Students

Group V Marshall Hurst, Studying an Occupation
Group VI Paul Wighaman, Techniques and Procedures

The groups delved into their work hurriedly, and some very interesting discussions . LA
developed. They made many suggestions and prepared considerable material which will
be used by an editing committee to complete the writing of the ‘‘Guide’’ project.

3 Mr. Boyd, president of ACIAS, is :;ffh the Board of Education, Kansas City, Mo.

Tu-1.2 ACIAS

Executive & Committee Sessions

DUTIES OF INDUSTRIAL ARTS SUPERVISORS

Chm., T. Gardner Boyd; Rec., James O. Gillilan; Part., Robert L. Woodward; Host, Ronald A, Rogers.

SIDELIGHTS TO “DUTIES OF INDUSTRIAL
ARTS SUPERVISORS” STUDY

Robert L. Woodward ~

3

Under the auspices of the 1967 study of the ‘‘Duties of Industrial Arts Supervisors,’’
a questionnaire was sent to all active members of the American Council of Industrial Arts -
Supervisors of the American Industrial Arts Association, as well as to certain other LG
selected industrial arts supervisors. The questionnaire was based upon the findings of
the original ACIAS study conducted in 1954. .

Appreciation is expressed to all the supervisors who responded to the questionnaire.
A list of the names of the respondents is presented in the last section of the study report.
However, it should be pointed out that the number of respondents stated in the report does
not include those who wished to remain anonymous or those who submitted their material
after the deadline. Approximately two-thirds of those receiving the questionnaire re-
sponded—which is an excellent return.
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The purpose of this presentation is to discuss the in-between-the-lines implications

of the responses rather than the prepared factual report of the actual duties of industrial

arts supervisors. An analysis of the respouses to and additional notations on the ques- 3 :
. . - X K - . s = 2

tionnaires showed that thetypes and degree of responsibility of industrial arts supervisors ) B

varied not only between large and small school systems but among large systems as well
as among small systems. Certainschool systems have separate units to provide services g
for curriculum development, facility planning, personnel employment, equipment procure-
ment, and others. In some systems, industrial arts supervisors are curriculum special-
ists with major responsibilities centered around curriculum development; under this : g
: plan, many of the typical supervisory duties are delegated to other personnel in the cen- '
1 tral office or to the principals in the schools.

It is surprising to note that even though there is a tendency to place supervisors in
an advisory capacity and that modern experts on supervision do not favor the rating of
3 teachers by supervisors, almost half (48 percent) of the respondents reported that they
. rate teachers. Further, according to the results of the study, when supervisors evaluate
a course or program, they pay more attentionto the personal characteristics of the teach-
er thantothe other aspects of the educational environment (curriculum material, facilities,
equipment, organization and others).

Approximately four-fifths of the duties of supervisors listed in the results of the
original study appear in the 1967 report of the ‘‘Duties of Industrial Arts Supervisors.”’
However, there has been a significant change in the rating of the importance of certain of
the duties (i.e., the number of supervisors performing the duty). In the 1967 study report,
: the duties are arranged in two groupings: the first group lists duties performed by 85
: to 100 percent of the supervisors; the second, those performed by 70 to 85 percent of the
' supervisors. In comparing the original list with the present list, it is found that certain
2 duties considered less important in 1954 are now ranked in the first group. Another sig-
nificant change is that the respondents favored words such as “‘assist,”’ ‘‘advise,’”’ and
% “‘coordinate’’ over ‘‘conduct,” ‘‘direct,”” and “‘administer.”’ The supervisors indicated
. a greater team approach among the personnel of the central office and a closer working
a relationship between industrial arts supervisors and supervisors of other subject fields.
3 The questionnaire used in the study requested the listing of supervisory duties not
previously covered. Two duties added by a“significant number of the respondents were
¥ concerned with “‘active involvement in and promotion of professional organizations’’ and
i “involvement in the use of federal/state funds.”” Supervisors have until recently left to
the general membership the functioning of professional organizationsto which they belong.
No doubt it is for this reason that ‘‘to become actively involved in professional organiza- '
tions’’ was not considered a duty of supervisors in the original 1954 study. However, be-
cause of the aggressively active characteristics of some of the professional organizations
today, many of the supervisors hold thatall members, including supervisors, must openly
support and assist the organizations of their choice.

: The second duty indicated by the respondents is indeed a new responsibility to many
industrial arts supervisors. It is concerned with the use of federal/state funds in indus-
trial arts programs. With the advent of the Elementary and Secondary Education Act,
research grants under the Higher Education Act, and the inclusion of industrial arts in
NDEA Title X1, industrial arts supervisors and teacher educators have become involved
in federally funded projects. And with the inclusion of industrial arts in NDEA Title III
(effective July 1, 1967), supervisors will find that the promotion and coordination of pro-
grams funded under this Act will become one of their more pressing responsibilities.

The members of the American Council of Industrial Arts Supervisors should be re-
minded that the purpose both of the original study and of the one just completed was and is
to provide information concerning the specialized nature of many of the responsibilities
of the industrial arts supervisor. This information is for use in promoting positions of
industrial arts supervision in school systems currently without this specialized service.
Many school systems in the United States, because of limitations in size or other factors,
are not able to provide this specialized service. For these reasons, it is strongly recom-
mended that ACIAS embark upon a ‘‘grass roots”’ leadership development program. In
other words, we should encourage industrial arts department chairmen in school sys-
tems without supervisors (1) to provide these specialized services and (2) to become par-
ticipating members in ACIAS.
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Dr. Woodward, president of AIAA, is consultant in industrial arts education, California State Dept. of
Education, Sacramento, Calif.
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Tu-2,1 ACIATE

General Session

PHILOSOPHICAL BASES OF INDUSTRIAL ARTS ~ FOUR POLES?

Chm., Charles B, Porter; Rec., Eckhart A, Jacobsen; Obsr., Daniel L. Householder; Panelists, Donald Maley,

Donald G. Lux, Paul W. DeVore, Alson Kaumeheiwa, Wesley L, Face; Host, K. G, Heintz, Mr, Kaume-
heiwa's manuscript was not provided,

INDUSTRIAL ARTS—A STUDY OF INDUSTRY
AND TECHNOLOGY FOR CONTEMPORARY MAN

Donald Maley

“If we indoctrinate young people in an elaborate set of fixed beliefs, we are
ensuring their early obsolescence. The alternative is to develop skills and
habits of mind which will be the instruments of continuous change and growth
on the part of the individual.” (3, p.2)

—John W. Gardner

The above quotation is of vital importance in an age of great social, political, and
technological change. Thus, the role of the school deserves a central focus, and cer-
tainly one that will demand constant attunement with society if education is to maintain,
from a qualitative point of view, a proper relationship between output and demand.

What are the implications for industrial arts in the above comments? As an integral
part of the total school program and as an important element of general education, it
surely must strive to identify its role. Industrial arts must engage in those elements of
human activity which contribuie to the development of skiils and habits of mind which
will be the instruments of continuous change and growth on the part of the individual.

The processes whereby change as an order of expectation is developed, and the
processes whereby- the promotion of and the contribution to change become basic out-
growths of the school are indeed fundamental areas for concentration by any area in the
school. This is especially so in those areas of general education whose contact bridges
the broad spectrum of the school population.

The relevance of this position to the program ideas growing out of the University of
Maryland is in the continuing emphasis on the process of how the individual arrives at
his answers. This point has necessitated a radical change in the role of the teacher from
one of a ‘‘dispenser’’ of facts, dates, qualities, numbers, etc., to one of a ““manager of
education’, The role of the individual does not center alone on how one gets the answers.
It also places great stress on what answers one wants and a host of student-idéntified
problems that give rise to the need for answers.

The area of study in industrial arts is still maintained within the framework of the
following definition:

Industrial arts asa curriculum area is defined as those phases of general educa-
tion which deal with industry—its organization, materials, occupations, proc-
esses and products—and with the problems resulting from the industrial and
technological nature of society.

The definition has particular significance because it identifies certain broad areas
(including organization, materials, occupations, processes, products and problems)which
will continue to have special relevance tothe broad study of industry. Programs in indus-
trial arts can be developed that would deal with each of these facats in a realistic and
meaningful way. Numerous examples can be found that would substantiate the fact. How-
ever, our teachers must, in themselves, have a level of sophistication about the organiza-
tion of industry, the problems, products, processes, materials and occupations. The con-
tent is there, but it will demand a new or different brand of teacher. A neat, orderly set
of demonstrations of tool processes will not suffice. Nor will a set series of sterile
projects measure up to the requirement,

Two systems that have been tested over the past ten years that do in fact make pos-
sible a limitless study of all of these facets are the group project approach to the study
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of a major industry and the line production experience that extends from the various
levels of personnel organization and finance through procurement, planning, production,
distribution and dividends. The depth and scope of such study and student-mental-
manipulative activity is chiefly a factor of teacher background, ingenuity, judgment and
resourcefulness.

My second emphasis, which has been a consistent one, is that the principal function
of industrial arts is the development of people and not of things. As a matter of retro-
spect 1 would like to present two points of view that have had a significant effect upon
what is accomplished in industrial arts. The much older one and certainly the one in
practice that has had the greatest effect as far as industrial arts is concerned, is the
“‘things” orientation which is based upon a *‘job’’ or “‘thing’’ analysis. The second idea,
which 1 feel we must accept, got considerable support in industrial arts in the late forties
when such people as Hornbake, Ludington, Wilbur, Brown, Hammond and others attempted
to move the profession to think in terms of human analysis rather than “‘thing”’ analysis.

The chart illustrates the points of difference between the two. (See below) 1 chal-
lenge you to start at the top (literally) side of that diagram, and 1 challenge you to de-
sign educational experiences that reach out towards the fulfillment of the human qualities
of mankind. These two listings spell the difference between an institution or a program
that is based upon a ““factory’’ notion whose prime reason for being is the production of
things as compared with the more difficult and less popular idea of a program that has as
its base for existence the development of people —people capable of living in and contribut-
ing to the contemporary culture.

Industrial Arts Approaches

Thing or Job Analysis:
focuses upon projects
1. The materials to be used.
The finishes to be applied.
The glues to be used.
The fasteners to be used.
The tools to be used.
The processes to produce the item.
The following of a prescribed procedure to construct the item.
Etc.

PN U o

Boy and Girl of Human Need Analysis:
focuses upon people

1. The developmental tasks of boys and girls.

2. The societal requirements and expectations of people.
(a) social responsibility
(b) economic sufficiency
(c) self renewal
(d) mobility
(e) leadership
(f) followership
(g)_ problem solving
(h) adaptability
(i) social, economic, and political sophistication
(j) Etc.

3. The individual’s interests.
4. The individual’s capacities.
5. The individual’s objectives.
6. Etc.

It is quite apparent that the focus of attention in methodology is on what the individual
does, and more specifically how he accomplishes what he does. I am concerned with the
mental and manual learning processes by which the individual accomplishes what he does
and how these learning processes contribute to the requirements of living in the contem-
porary age. As a point of retrospect again, I call your attention to. a presentation that
1 made at the American Industrial Arts Association’s national meetings in Indianapolis,
Ind. in April, 1963, when I asked the profession to consider taking its direction from the
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outcomes of ‘“‘Project Instruction’ as presented by Dr. Ole Sands in a speech entitled
““Curriculum Decisions for the Sixties’’. (8, p.9)

It is possible that in the next decade we should consider moving in the following di-
rections:

From To

. The group The individual
. Memory Inquiry
. Stimulus-response psychology Organismic psychology
. Spiritless climate Zest for learning

fe) W OO0 DN =

14. Teaching as telling Teaching as a creative art with a
scientific base

As another instance in retrospect, this speaker presented at the Washington (1964)
Convention of the AIAA a paper in which the idea of ‘‘Industrial Arts as a Cultural Ex-
perience’’ was emphasized. The topic was based upon the following postulates:

1. A comprehensive and in-depth study of industrial arts is a cultural experience
dealing with one of the most dominant factors in the contemporary society.

2. Many of the basic elements of content for the study of industrial arts have persisted
throughout the history of mankind as matters of vital importance and primary cultural
focus in the evolving societies.

3. There is an increasing void in the education of contemporary man with respect to
his understanding of ‘‘industry and technology’’ as dominant cultural factors.

These ideas were. supported by a number of documents from the fields of -sociology,
anltlhropology, economics, history and technology. A few of these supporting statements
follow,

Ashley Montagu, in his text Education and Human Relations, defines culture as ‘“‘the
way of life of a people’”. *‘It is the people’s ideas, sentiments, religion and secular be-
liefs, its language, tools, pots aund pans, its institutions.”’ (7, p. 31) Martin and Stendler,
in their text Child Development (5, p. 154, 155) discuss the ‘“‘common denominators’’ of
culture and direct our attentica to ‘‘the Yate Cross-Cultural Survey’’, which includes sev-
eral hundred cultures from all over the world, has set up an index of these common de-
nominators in the following categories:

langtiage reaction to nature finance
communication religion family
exploitative activities ethics kinship
technology property and contract social organization
implements social stratification government
housing drink and indulgence gocial control
food dress ingroup conflict
transportation daily routine war

travel labor labor art

numbers and measures specialization reaction

lore and learning exchange

From an historical point of view, the study of industrial arts in relation to the con-
tributions of technology toward the evolving civilizations is vividly presented by Roger
Burlingame in his discussion of ‘“The Hardware of Culture’’:

*....The Carthaginian wars, the fall of the Roman Empire, the Norman Invasion,
the Magna Carta, the discovery of America, the War of the Roses, the Spanish Inquisition,
the French Revolution, the Louisiana Purchase, the Missouri Compromise were words
with dates attached, loosely strung together by such terms and phrases as ‘the rise and
fall of civilization,’ ‘the struggle for liberty,” ‘Renaissance,’ ‘Reformation,’ ‘Enlighten-
ment’ - abstractions cooked up out of hindsight to give ‘dignity’ to the record.

““It was only when I discovered from the exploration of rare or forgotten writings and
artifacts that the vast gulfs betweenthese events were filled with galleys and sailing ships,
roads, wagons, mines, canals, magnetic compasses, catapults, crossbows, engines and
dynamos that I began to see a real continuity and integrity to history.”” (1, p. 15)

Howard Mumford Jones, the noted professor of English at Harvard University, has
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described the inadequacies of many scholars inmatters dealing with tool and technological
developments and their contributions:

*‘.....a hundred scholars know something about Lucretius for one who realizes what
a revolution in human culture took place in the ninth century when Western man put draft
harnesses on his horses instead of choking their windpipes with a rope attached to a cart.
A hundred scholars can discuss Darwin, a master-of scientific prose, to one who knows
that among the causes for the celerity of Napoleon’s armies is the fact that Napoleon
knew how to exploit the Chappe telegraph, whereas his opponents ~the Austrians, for
example, - did not.

*“.... Among historians of ideas, then, a great deal of attention is given to the history
of ideas, expressed in literary form, and very little attention to the history of ideas, chiefly
technological, not commonly so expressed. It would, however, be jejune to remark that
the effect of the idea of interchangeable parts upon the fortunes of mankind has been quite
as great as the effect of the idea of progress.” (4, p. 22)

Another issue of special significance to industrial arts is related to the topic of sub-
ject matter integration. I have long contended that industrial arts in its study of con-
temporary industry must draw its content and secure a great deal of its reality from the
other subject areas of the school. Max Lerner, in a presentation before an audience at
the National Education Association in Washington, stated that it is impossible to study any
discipline or subject entirely within itself. I am therefore continuing to contend that the
modern school is highly ineffective in many areas simply because of the compartmental-
ization of the total program. The interdependencyand interrelationship of subject matter
demands that greater effort be made todevelopthe school curricula in terms of an organ-
ismic approach to the development of people, as opposed to the ‘‘cellular’’ and ‘‘storage
vault’’ processes of so many secondary schools and institutions of higher education.

Alfred North Whitehead spoke out about this same practice as follows:

““The solution which I am urging is to eradicate the fatal disconnection of subjects
which kills the vitality of our modern curriculum. There is only one subject-matter for
education, and that is Life in all its manifestations. Instead of this single unity, we offer
children - - - - Algebra, from which nothing follows; Geometry, from which nothing fol-
lows; Science, from which nothing follows; History, from which nothing follows; a couple
of languages.-never mastered.....It is a rapid table of contents which a deity might run
over in his mind while he was thinking of creating a world, and had not yet determined
how to put it together.”” (9, p. 18) Later on in the same writing, Whitehead summarized
the need in education by stating that *‘...The pupils have got to be made to feel that they
are studying something and not merely executing intellectual minuets.’”’ (9, p. 21)

No other area in the school as it is currently organized or constructed has potential
for such integration of subject matter in a life-like situation as does the industrial arts
laboratory. The realistic application of the elements of mathematics, science, com-
munications, social studies, art, music and physicalactivityare inherent in the industrial
arts objectives and functions.

Another concern that all education must face is the nature of experiences provided
the learner. What are the forms of student participation? What are the levels of mental
and physical involvement? And to what degree does the experience provide practice in
living and learning rather thana series of isolated super-organized fragments of informa-
tion to be memorized or recorded in a notebook? John Dewey some years ago challenged
educators to examine these practices when he said:

‘... We must; conceive of work in wood and metal, of weaving, sewing, and cooking,
as methods of living and learning, not as distinct studies.

*“We must conceive of them in their social significance, as types of the processes
by which society keeps itself going, as agencies for bringing home to the child some of the
primal necessities of community life, and as ways in which these needs have been met by
the growing insight and ingenuity of man; in short, as instrumentalities through which
the school itself shall be made a genuine form of active community life, instead of a
place set apart in which to learn lessons.’’ (2, p. 14)

Industrial arts can and should be a direct, first-hand encounter with major segments
of the materialism, the idealism and the technology of mankind. It can be a living and
learning experience completely compatible with the guidelines as previously referred to
in the Ole Sands speéch and in the statement by Dewey.

Support for this line of reasoning is found in the work of Whitehead, as follows:

‘. ..First-hand knowledge is the ultimate basis *of intellectual life. To a large
extent book-learning conveys second-hand information, and as such can never rise to the
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importance of immediate practice. Ourgoalisto see the immediate events of our lives as
instances of our general ideas. What the learned world tends to offer is one second-hand
scrap of information illustrating ideas derived from another second-hand scrap of infor-
mation. The second-handedness of the learned world is the secret of its mediocrity. It
is tame because it has never been scared by facts. The main importance of Fraicis
Bacon’s influence does not lie in any peculiar theory of inductive reasoning which he
happened to express, but in the revolt against second-hand information of which he was
a leader.

"“The peculiar merit of a scientific education should be that it bases thought upon
first-hand observation; and the corresponding merit of a technical education is that it
follows out deep natural instinct totranslate thought into manual skill, and manual activity
into thought.”” (9, p. 61)

One final item of retrospect that this speaker has ardently pushed for these many
years is that the industrial arts teacher should be an expert in the ‘‘design of learning
experiences’’ —and in this respect it is implied that they be directed toward the develop-
ment of people.

“....Through experiential laboratories, industrial arts offer those learning experi-
ences which assist boys and girls to understand the industrial and technical aspects of
life today. This curriculum area makesa realistic contribution to education as a process
and shares with other areas of the school the responsibility for promoting the continuing
development of the good citizen.”’ (6, p. 46)

The accomplishment of this idea of ““design of learning experience’’ involves a broad
perspective of what is possible by way of pupil experiences within the framework of the
laboratory setting and the broad study of industry. Here again 1 challenge our teacher
education institutions to produce teachers who are capable of designing learning experi-
ences rather than the predominant emphasis on ‘‘project design.”” The implementation of
this broad and functional approach toindustrial artshas had considerable success through
the use of such flexible and ‘‘experiential’’ processes as:

The Unit Approach

The Group Project Study of Industry

The Line Production Study of Industry
Research and Experimentation

The Individual Project or Problem Approach

The industrial arts laboratory in its general framework is unequaled in its environ-
mental hardware of electronics, metals, woods, drawing, design, testing, graphics; power,
fabrication, communications, etc. The remaining essential elements so vital to maximum
human potential development center inthe areas of program, methodology and the teacher,
as well as in educational administrative leadership and support. A program for the junior
high school has been developed along the lines of this presentation. It is in use in a num-
ber of Montgomery County, Md. schools and is being developed in the Fairfax County, Va.,
schools. Selected facets of the program are being used in many other centers in and out
of the State of Maryland.

FOOTNOTES
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PHILOSOPHICAL BASES OF INDUSTRIAL :
ARTS—FOUR POLES? ;
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The twenty minutes allotted to me will be used to establish a point of view about indus-
trial arts as an essential element in a well-balanced liberal education program for all
citizens in an industrialized free enterprise social system.

The rationale I am presenting is my personal one, but it is mextncably interwoven
with the formal rationale of the Industrial Arts Curriculum Project. I will not try to dis-
tinguish between personal convictions and those of the Project. Some of the points of this
paper, and points which we may discuss here, may not have been treated in published i
Project materials. For those, others of the Project staff should bear no burden. )

Some initial assumptions are essential to place my rationale within the broader con-
text of a total school program. Among these are the following:

1. The primary objective of the school program is to communicate to future genera-
] tions man’s accumulated disciplined knowledge.

- - 2. Industrial arts can make a distinct contribution to an integrated total program of k
studies, e.g., it may teach how to communicate graphically a material product design as ) H
a supplement to other program areas which teach communication as a central focus. .

3. The disciplined knowledge which is studied in industrial arts can be related to - 3
man’s total knowledge and also can be organized and taught with the major focus on its : 3
own conceptual framework. ) 3

4. Industrial arts has a primary responsibility to communicate effectively its body
of knowledge.

At this point, some definitions will provide for more efficient communication. Defi- 3
nitions basic to this rationale are: B

1. Liberal education: that education required for at least a majority at a given level 7
of educational attainment. ;
| 2. Industry: a societal institution, that subcategory of the economic institution which
i produces materials in response to man’s wants for goods, therein also providing the knowl-
edge of how efficiently to use and service these goods.

3. Discipline: a branch of organized knowledge. B

4. Praxiological discipline: a branch of organized knowledge of efficient action
(practice) as opposed to knowledge of form, value or natural phenomena,

S. Industrial arts: a study of the disciplined knowledge of the practices -of industry. ;

6. Industrial technology: a common term which may be equated with industrial ]
praxiology, that is, knowledge of efficient industrial practice. 2

In an attempt to synthesize within the above assumptions and meanings, I am suggest- o
ing that industrial arts is fundamentally an essential part of a total school liberal educa- ;
tion program, that its subject matter relates to other school subject matter, and that the -
focus of industrial arts studies is upon the knowledge of efficient action in industry. To 3
quote from Industrial Arts Curriculum Project materials:

The objectives ( of industrial arts) cover the cognitive, affective and psychomotor 4
domains of educational objectives, and emphasize both mastery and transfer dimensions. 3
A study of industrial arts will enable pupils to: 4

.1. understand the concepts, principles, generalizations, problems and strategies of . 3
industrial technology.

2. have an interest in and an appreciation for industry as that element of the eco-
nomic system that provides industrial material goods for the satisfaction of human wants . ¥
for those goods. ‘ ;
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3. demonstrate knowledge and skills that will be useful in life situations of occupa-
tional, recreational, consumer and socio-cultural significance.

What has been precented to this point offers ample opportunity for discussion for
the balance of our professional lives, but even further to oromote the discussion our
presentations are supposed to stimulate,l shall shift now to two major discussion areas:
(1) what are’the implications of this verbiage for program? and, (2) what are some points
of conflict with other ‘‘poles’’?

It is no secret that much of what has been stated and written in our profession has
had little implication for program if the degree of program change in the past half-century
is a criterion. We have changed much in what we say we are doing. We have changed
relatively little in what we are doing. Despite this troublesome observation, it is a com-
mon contention that our programs must better reflect our objectives, or the demands for
more efficient use of student time to master our expanding disciplined knowledge will
force handicrafts (i.e., woodworking, metalworking and drafting)outside the formal school
program. What is the alternative?: provide an effective program of study of industrial
technology which can be defended as a program essential not only for today, but for the
foreseeable future.

What should this program provide for the student? It should give him a firm grasp
on an intellectual ‘‘road map’’ of industrial technology, a framework which has meaning
based upon first-hand use of the fundamental concepts and principles in life-like situa-
tions. More specifically, students cangainfundamentalknowledge in the disciplines which
are developing to provide American man with his unmatched material standard of living,
The branches of engineering, industrial psychology, industrial labor relations, industrial
management and other disciplines will provide him with important knowledge which largely
has been kept hidden in existing school programs from nursery school through advanced
graduate work, except for those few whomajor in one of the disciplines in college. These
disciplines provide only part of our body of knowledge. Much of industrial practice re-
mains to be organized and codified. ‘‘Experts’’ may be used to fill this gap.

Within this program, students must come to grips with the knowledge of planning,
organizing and controlling an industrial material production system; the knowledge of pre-
processing, processing and post-processing as entities in the production part of the man-
aged industrial input, process, output system; and the knowledge of efficient personnel
practices within the system. This knowledge needs a new program framework other than
one of drafting, metal working and woodworking. It further implies quite a different pro-
gram for the professional preparation of industrial arts teachers.

The program being developed by 1ACP is designed to teach students that industrial
management practices, when combined with industrial production practices, yield indus-
trial material goods. Within that major conceptual framework, ever more specific con-
cepts are developed within the time and ability limitations of the students, the limitations
of the teachers and the environmental limitations. The instructional system, based on
developed criteria for the selection of learning activities, may complement other learning
activities in the school, but the focus will remain on industrial technology.

There are a number of points of similarity between other rationales for industrial
arts and the one advanced by 1ACP, Points of divergence also exist. The principal points
of contention hinge on delimitations and basic assumptions. Therefore, 1 would suggest
that subsequent discussion and our attention focus on these., We can discuss countless
details or we can focus on the major underlying premises. 1 favor the latter approach.

1 will now point up some of ' the major issues which should be considered. 1 cannot
speak with authority about the relative stands on these pivotal issues, but 1 will advance
the 1ACP position for comparison with statements by experts on other points of view.

Issue:
1. 1s industrial arts general or special education?

Position:
1. Industrial arts offers programs which are fundamentally general education, but

the body of knowledge from which industrial arts draws its subject matter may
be taught and studied for many purposes: liberal, professional or vocational.

Issue:
2. 1s industrial arts a suitable name or is it time for a change?

Position:
2. Let's work for the further acceptance of industrial arts.
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Issue:

3. Are we discipline-oriented or something else (process, material, activity, etc.)?
Position:
3. We derive our body of knowledge from selected disciplines to the extent they are
developed, and work for their further explication. -

AA S PR Sk iR 1o

s

Issue: i
- 4. Is industry focused on material production or on production of any economic value? 15
1 Pogition:
- ' 4. Industry is defined as the societal element which exists to produce constructed
1M ) ) and manufactured goods.
S S Issue: ‘ .
1 ) 5. Is the ability to do essential to indystrial arts or is cognitive development the
S . essential?
11 . Fosition: -
3 5. Tt= proof of praxiological achievement is the ability to do. -Ability to 25 is essen- '
tial. ' - -
Issue:

6. 1s there & ‘‘service industry’’ for servicing industrial goods or does a discipline-
knowledge approach to curriculura deny any intellectual distinction?

&1 Position: g

B ’ 6. The knowledge of how toservice industrial goods is one with production knowledge,
~and, for purposes of.study, distinctions need not be made except as to time and
21 place. -

Al Lo issue: :

Y 7. Are there two or more major subdivisions of industrial activity?

S Position: ' ~'

| Ny " 7. Construction and manufacture constitute the major sub-elements of industry.

21 ’ Issue:

a1 . 8. Are transportation, communications, advertising, money and banking and other
1k R ' sub-elements of the economic system part of industrial arts subject matter or not?
A} ’ Position: ’
B 8. All of these are technologies .but none of them substantially change the form of
- : ‘materials: Thus, they-are peripheral to the central focus of i/ndustrial arts. g

Mr. Lux teaches at Ohio State University, Columbus, Ohio

| CURRICULAR CONSIDERATIONS—CSWEGO

Paul W. DeVore
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il ) . " As a profession, we are critically examining our field of endeavor, and this is good.
coe T Our examination reveals that many of our memorized. cliches in the areas of definition,

objectives and methods are not valid. We have discovered we are continually on the de-

. fensive educationally because of a lack of relationship between :what we say and what we

| o do. The increasing complexity of man’s creative endeavors in the technologies forces
: : us to re-examine our point of view, to look at our field differently.

Our curriculum efforts at Oswego have been based on a study of man and his tech--
nologies in an attempt to identify. the discipline and knowledge base and common bodies of ‘
technological knowledge from which to derive curriculum structures and content.

- We are searching for answers to rather basic questions: (1) What is and what is not
% N meant by the name ‘‘industrial arts’’? (2) What should and what should not be a part of
R this area of study? (3) What relationships exist between industrial arts and similar
I activities? (4) What criteria do we use to measurz the validity of what we are doing?
Y . Several observations can be made which are relevant to the prcblem, One concerns

- ! objectives. Everyone beliéves objectives are important. However, there are distinct
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problems resulting from objectives as that term is used in education. Most are multiple
and diverse and seldom have a direct effect upon what is taught. The premises upon
which objectives are based are often unclear. Yet, we labor under the belief that there
is broad agreement on objectives and that the objectives are specific enough to be used
for curriculum development and analysis. But they are not. Industrial arts objectives i
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have concentrated attention on broad idealistic educational goals which are nice to have,
. but which are almost useless for analysis and specification of program content because
”, of vagueness and limitation of choice.

In order for progress to be achieved, there must be recognized a distinction between
broad educational objectives and the objectives of an identifiable knowledge field. The
objectives of an area of knowledge are derived from the discipline itself. The structure,
conten; and methods or strategies of teaching are indigenous to and inherent in the dis-
cipline. Whereas educational objectives are unique to a given country or school system,
the objectives of a given discipline are universal and are derived from the knowledge
field itself. (2, p. 10.)

For years, we have practiced the definition, ‘‘industrial arts is’’. My late colleague,
Dr. Snygg, maintained that the knowledge field is plural and that the definition should be
“‘the industrial arts are’’. This point of view recognizes the industrial arts as being con-
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cerned with several knowledge fields, as are the sciences and the humanities. The function i
of the definition as an identification of the field of study, and not for delimitation, is in- ’§
herent in this point of view. The field of study should define itself. What is the content 3
and discipline base for the industrial arts? 3

Several current curriculum efforts at Oswegoare basedon the premise that the indus- %

trial arts are a study of man’s creative endeavors in the technologies and that these en-
deavors have an identifiable organization and structure. Evidence is that this premise
provides answers to our question with profitable results. Structure, content, objectives, '
methods, procedures, questions and problems can be derived from identifiable bodies of
knowledge in the technologies. The structures evidence unifying themes, continua of ab-
stractions, and theories and laws of technological progress which provide answers to the
more critical questions relating to the study of the industrial arts.

Concern for the development and structure of knowledge and the methods of the dis-
cipline of technology as a foundation for the derivation of curriculum in the industrial
arts rests on the following rationale. General education, of which the industrial arts
should be a part, is concerned with common learnings based upon cultural universals.

! - \‘}?‘_
.»i‘:{‘v:.

This is distinct from concern with specialities which consist principally of vocational
callings. (10, p. 230.) According to Phenix, disciplined understanding is the foundation 4
of general education. The content of general education is not ‘‘knowledge in general’’, f%

which everyone has,.but authentic disciplined knowledge. It is general in that it is based
upon cultural universals and relevant to all students—not to members of special groups.
(7, p. 314.)

. Any system developed must be productive in solving problems of curriculum design,
provide a measure of excitement to students when they comprehend it, accommodate new
advancements in the discipline and provide a continuumof scholarship and study from the
most elemental concepts to advanced study at the terminal degree level and beyond. The
problem therefore becomes:

Develop a curriculum structure based upon the study of man and his creative en-
deavors in the technologies which isexternally stable and internally flexible and adaptable
to change.

Two problems are involved: (1) the structure of the discipline itself and (2) the
teaching of the discipline. Basic to the solution of both problems is the identification of
the universe of content in the technologies common to all cultures, however, primitive
or sophisticated. Progression in the analysis of the system of technology, encompassing
technical and socio-cultural elements, is from a generaloverall framework, to an identi-
fiable knowledge structure, through the derivation of a taxonomy, to theories and laws of
technological progress. From this system, content for the curriculum can be identified
in the form of principles, concepts, units of instruction and courses of study.

All discipline and knowledge fields are schemes of unifications. They are attempts
to order, classify and make intelligible vast areas of knowledge. As with objectives, two
different categories exist: the discipline organization and the educational or curricular
organization. The discipline structure is arrived atby structural analysis, which is con-
cerned with the organization of things. The curriculum structure is developed through
functional analysis relating to processes or types of activity. This difference is important
to note.

Essentially, we have a need for two types of endeavors in our field; (1) those con-
cerned primarily with the discipline of technology and its structure, taxonomy, theories
and laws; and (2) those concerned primarily with the educational process or curriculum
and its structure, principles, concepts, units of instruction, courses of study and learning

13

'E l{fC‘

!

-



A A e i L

add o

4T DA A O 1D,

ARAZ IR BN

$ROSNER
1]
.

LRk

N Ol TR S 7 ot T

£y

e el

R R

AR A SR e f

RIS R

RS AL

e T A Eioc > -

PR nare - o e

environment. Both fields of study are closely interrelated and interdependent. In addition,
the content universe involves both practical and theoretical elements, and the knowledge
field involves a continuum from concrete to abstract, thereby providing curriculum pos-
sibilities from the most elemental to the most advanced degrees.

Concern for the structure of the body of knowledge and level of abstraction of the
body of content permits the development of a curriculum structure combining various
types of learning in relation to student ability and content level.

By looking at ourselves differently and by basing our curriculum endeavors in the
industrial arts upon discipline and structure, technology provides answers with profitable
results.

First, we discover that technology, as a form of human knowledge, is identified by
the character of thinking involved and that it is associated with tools—tools in the broad
sense of the term. As Ayers(l,p. 112) points out, the character of technology is implicit
not in :the skill-faculty of the human individual but in the character of the tools, tools
created by man. We also note that technology is a field of creative technical endeavor
identifiable in all cultures. A common body of knowledge exists. Schmookler identifies
technology as the social pool of knowledge of the industrial arts and states that any piece
of technological knowledge available to someone anywhere is included in this pool by defi-
nition. (8, p. 1). As a function of human behavior it is significant to call attention to the
fact that technology is problem-centered and activity-centered. Man’s efforts in the
technologies are his creative endeavors in the determination of what is to be. Thus, the
character of the thinking required by man in his technological endeavors is determined
by the nature of the problem. (4, p. 387).

Technology is an area of human knowledge, as are the sciences and the humanities,
and is an endeavor common to all mankind at some level of sophistication. By emphasiz-
ing the relationship of man and technology, we are concerned with the human elements in
the body of knowledge. The concernis with the modes of thinking, the problem solving and
the solution of technical problems together with the socio-cultural relationships involved.

It is important to recognize that technology is not science, nor is it applied science.
The nature and statement of the problems, the methodology and the goals are different.
Progress in the technologies, according to Jarvie (p. 388), depends upon the increasing
clarity with which technological problems are posed and by our improved ability to think
ahead.} The structure and character of technology are complex and interrelated and re-
quire gnalysis on the level of generalizationrather than on the level of the skill-faculty of
individuals. The complexity of technology results from the fact that the problems are
environmentally centered and involve socio-cultural components. Jarvie(4, p. 388) illus-
trates this point as follows:

For example, much of our technology must be changed when we enter weightless or
low gravity environments, just as big Tokyo buildings are different from big New York
buildings on account of earthquakes.

Technology is concerned with the possible withingivenenvironments. Where science
is concerned with the investigation of the whole universe and the discovery of the structure
and laws which govern nature, technology is concerned with the creation of structures for
specific, delimited purposes. The goalof pure science is the discovery of new knowledge.
The goal of applied science is in understanding and extending this knowledge. Both deal
with a reality that is given. Technology sometimes utilizes the knowledge and informa-
tion of science and applied science in creating. At other times problems are solved with-
out the, benefit of science orapplied science. As Skolimowski notes (9 p. 374), “‘In science
e investigate the reality that is given; intechnology we create a reality according to our
own designs.”’

The problems of science are dictated by the scientific field of investigation; whereas,
those of technology are dictated not only by the environment but by the social setting as
well. (4, p. 388)

In our society, we cannot discuss economics intelligently without a knowledge of tech-
nical innovation, invention and the function of these elements in producing goods and serv-
ices. The body of knowledge created by technology is vast, and inter-related to all fields
of knowledge. Although only a few ina society are directly involved in the pure sciences,
all are involved, to some degree, in the creation and utilization of technology.

Much effort has been directed by the profession in defining the industrial arts with
little attention to identifying, ordering and classifying the body of knowledge on the basis
of valid taxonometric principles. Machlup (5, p. 15) believes that attempts to classify and
order knowledge (in the sense of what isknown) are often more enlightening than attempts
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to define it.
What base is appropriate from which to begin a classification analysis for the indus-

trial arts? If industrial arts are to be a part of formal education, then formal education
provides the base from which to determine the major areas of man’s knowledge. Ten
Hoor provides a logical answer based upon three questions: ‘‘Formal education, it can
: be said, is concerned with three different though interrelated kinds of knowledge, each
of which is man’s answer to questions he has been asking himself since the beginning of
civilization: (1) What is there to be known about the external world and about those who
. live in it? (2) What use can we make of this knowledge? (3) What use ought we to make
: of this knowledge?’’ (11, 1. 423) These three questions identify respectively the distinct
) but interrelated knowledge fields of-The Sciences, The Technologies and The Humanities, :
: (11, p. 423). ]
: . Utilizing a basic criteria of structure, namely, simplicity, these three knowledge
3 areas can be accepted as the foundation upon which to base further analysis and to derive :

a structure and content for the industrial arts. These fields of knowledge contain discipline ;
areas which meet the criteria setforthby Phenix as being an identifiable organized tradi- 3
J tion of men of knowledge and evidence fields of inquiry in which learning has been achieved £
in an unusually productive way. (7, p. 316-17). They represent universal institutions
created by man or universal endeavors engaged in by man. These universal institutions
and endeavors make up the fabric of all progressive societies.

What universal institutions or endeavors are evident in the social pool of knowledge
known as the industrial arts? An historical and social analysis of man’s endeavors in 3
various cultures, for instance, establishes a number of man’s universal technological
endeavors. We discover in our analysis that man in all stages of his technical develop- ko
ment has been a builder, a communicator, a producer, a developer, a transporter and an
organizer. All progressive societies evidence three major areas of technology, namely,
production (including manufacturing and construction), communication and transportation,
together with supporting areas of research and development and an hierarchical division 3
of labor. These are universal technological endeavors that have developed and progressed, i
4 3 establishing bodies of knowledge which have survived. Each has a specific structure, ;
E: ) raises certain questions, has definite lines of progression and has been productive in an f
unusual way. Eachofthese areas meetsthe criteria of a discipline and is a body of knowl-
3 edge determined and agreed upon by specialists in the identified field.

: An educational program of the industrial arts based upon the disciplines derived from
. the body of knowledge created by man in the technologies provides a structure which is 3
g; externally stable and internally flexible and adaptable to change. The structure accom- 4
i modates present problems and enables the establishment of fruitful patterns of investiga- i 3
tion for future developments. , ,

Attacking the problem from the point of view of the disciplines of technology, rather 4
than from the’ vague and ambiguous education end, provides insights into the structure,
objectives, problems, methods and characteristics of thinking sonecessary in curriculum
development. Valid content selection rests upon a knowledge of the structure of the dis-
cipline and the analysis of activity and thinking patterns.

We discover as we investigate the structure of technology that continual evaluation
) is in progress pertaining to classification systems inthe technologies.” There is evidence ;
i that more and more of what was once separated into different categories, with separate
i functions and purposes, is now being incorporated intoa total system, such as communica-
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tion systems, transportation systems or production systems. Concern is with the ““whole”’ A
and not only with the component parts. For instance, the function of the knowledge area f
of communication concerns information dissemination, storage, retrieval and use. The ;
2 methods of accomplishing this, whether in a man-to-man, man-to-machine or machine- ;
¢ i to-machine system, vary with the task. Elements of radiant energy, printing, photography i
or graphic representation by man or machine are utilized to attain the most valid solution
to a given communication program. . i

There are a number of reasons to engage in efforts in taxonomy or classification of '
knowledge areas, not the least of which is to obtain an accurate perspective of the con- 3
tent reservoir. Without a full perspective of the content reservoir a valid curriculum E

cannot be developed.

A taxonomy of the area of technology would:
1. Eliminate confusion and simplify the task of curriculum planning by providing a

perspective of the relationships between the elements and the structure and order the
knowledge area into specific categories, thereby assuring a balanced allocation of con-
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tent (7, p. 250.); 3 E

2. Facilitate communication among the membership of the field of knowledge together P
with others such as administrators, curriculum specialists and scholars in related fields
3, p. 10.);

3. Simplify understanding and econcmize intellectual effort bytreating large numbers
of different things as though they were identical in respect to the aspects by which the
categories are defined (6, p. 47-4, p. 36 and 42-13, p. 45.);

4. Provide a base for long-term research and inquiry into the nature of the discipline
area by ordering the area of knowledge insuch a way as to reveal significant relationships
and properties as well as the interrelationships between the elements of the structure
(3, p. 17.);

5. Provide a base for developing valid evaluation instruments by identifying elements
of content to be evaluated; and

6. Aid in .identifying difficulty levels of content areas for establishing instructional
sequences at different learning levels.

One test of an adequate taxonometric structure for the study of man and technology,
in addition to the basic principles of taxonomy, is universalism. The structure must be
applicable to technology in general and not only to the indigenous technology of any one
country or civiiization. This istrue, since no one country or civilization can claim credit
as the sole creator or utilizer of technology. The structure must accommodate change.

The purpose of taxonomy is not to limita field of knowledge arbitrarily but to ascer-
tain its totality, together with the component elements and their interrelationships. Cur-
riculum development thus follows the determination of the structure and its elements.

A taxonometric structure for the study of man and technology identifies three major
areas of technological endeavor with which the industrial arts have been concerned to
3 varying degrees. These areas represent the essence of the discipline, are consistent with
major components in other technological classifications and provide for internal adapta-
bility to change through the use of non-transient terms. The technical areas are:
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3 1. Production Providing goods and services of economic
g ' - value for man’s needs and wants
4 2. Communication Providing information dissemination, g
e storage, retrieval and use. 4

3. Transportation Providing movement of man, materials, 2

products and services.

"
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) The technological areas of production, communication and transportation are found in all
3 cultures regardless of their stage of development. Hence, they meet the criteria of uni-
versalism.

A study of each of these physical areas indicates that they vary in their primary
, function, being unique discipline areas intheir own right, and, as do other discipline areas,
they require their own taxonometric classification scheme. However, a close inter-
relationship exists among the areas of production, communication and transportation and
their elements, thereby meeting a requirement of structure.

Zobi Sy br o

E 1\ An analysis of each of man’s major areas of technological endeavor identifies distinct 4
technical and socio-cultural elements. Each area has an identifiable taxonomy or knowl- 43
4 edge classification together with inter-related elements common to all major areas of 4

technical endeavor.
The logical progression of the mainelements of the structure for curriculum investi-

gations in the industrial arts develops as follows:

I. Man’s major areas 4
! of formal knowledge Science Technology Humanities A
, II. Elements of technology Technical Socio-Cultural
2 . Elements Elements E
’ Energy-matter Culture-Social }
E People-Information Change, Systems, g
Environment History-Men, 3

Innovation-Invention

N I ST

III. Areas of technology Production Transportation Communication
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Each discipline area has its own structure, problems and line of progression. The most
valid structure or system will provide the best answers for the various contingencies.

Curriculum designs being investigated indicate specific inter-relationships existing
between the study of transportation technology and communication technology, together
with certain sciences as indicated in the diagram below.

Communication Transportation Natural Science

Land Marine Air Space

Communication Energy
Graphics &
(Photography) Power Geography
Guidance
Control Meteorology
Communication
Electronics
Radio Support
(Navigation &
& Com.) Suspension . Astronomy
Radar Structures
Information Operations
Svstems &
(Computers) Safety

Once a general structure has beendeveloped which best meets the criteria of the dis-
cipline, the next step is to proceed to a definitive taxonomy from which content can be
derived for curriculum development. After the general framework has been developed,
the four steps to curriculum development in the industrial arts based upon the creative
endeavors of man in the technologies are:

1. Establishment of the content reservoir, a taxonomy.

2. Establishment of the basic concepts and principles of the content area from the
content area from the content reservoir. :

3. Establishment of the units of content instruction based upon an analysis of the
basic concepts and principles and the relationship of educational objectives to the objec-
tives of the discipline. .

4. Establishment of courses of study by the grouping of logical combinations of the
units of instruction.

In evaluating the concept presented, there are several advantages which have accrued
from such an approach in our study of the area of transportation and communication:

1. Criteria for content selection are established and curriculum development ordered
and simplified. Optimum learning sequences can be planned by identifying complexity
levels of content.

2. Flexibility and adaptability to change and internal consistency are intrinsic through
the use of technological universals as a base. The overall structure is stable.

3. Rather than isolated and repetitive courses, programs of studies are inherent.

4. Teacher competency can be increased through the medium of specialization in a
field of knowledge such as communication, transportation or production.

5. Teacher education programs at both the undergraduate and graduate levels would
be improved, both from the point of view of the student and the faculty.

. 6. Utilizing the discipline and knowledge base would permit and require theoretical
and laboratory study of technical programs through both the masters and doctoral levels.
Advanced study programs, based on the content area in which one is expected to perform
and not on peripheral or available content areas, would become meaningful. The structure
provides a base for alifetime of learning and professional contribution through legitimate,
recognizable specialization.

7. Communication would be improved in the profession.

8. New and more profitable research problems would become evident.
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9. Both program and student evaluation would be enhanced and improved.

From a structure based on cultural universals in the technologies, the curriculum
problem can be delimited and a specific content reservoir identified.

From the content reservoir, the several objectives of the industrial arts and general

education can be determined and implemented.
Through a knowledge and understanding of the nature of the content, together with

the stated and agreed-upon objectives, the basic concepts, units of instruction, programs
of study and methods of implementation can be determined.
Without a definitive content base, however, the goals of general education, to which

the industrial arts should contribute, cannot be attained.
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Dr. DeVore is director of the Division of Industrial Arts and Technology, State University College, Oswego,
New York.

THE AMERICAN INDUSTRY PROJECT

Wesley L. Facs

““Industry is an institution in our society which, intending to make a monetary profit,
applies knowledge and utilizes naturaland human resourcesto produce goods and services
to meet the needs of man.” )

This definition of industry is the most fundamental aspect of the American Industry
Project. It is the intent of the project to develop a new curriculum area for the secondary
school. The objectives of thisprogramare: (1) to develop in the student an understanding
of industry, and (2) to develop in the student the ability to solve problems.

The source of content for this program is industry and not technology. Many edu-
cators have proposed that an understanding of industry should be developed in the school,
but most have viewed industry ina morerestrictive sense or as referring only to specific
aspects of selected industries. This is not the case with the American Industry Project.

Man is surrounded by the products and services of industry, and his life is constantly
being affected by industry. Buthow muchdoes the average person really understand about
this institution? It is the assumption of the project that all boys and all girls, regardless
of their vocational ambitions, should be given the opportunity to develop an understanding

of industry.
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It has been asked: ‘‘How can you possibly expect to develop an understanding of all
of industry?’’ If it were our intent to develop an understanding of every known list of infor-
mation, this would be an impossible endeavor, but this is not our intent. All of the existing
industries have common elements, regardless of the productsthey distribute or the serv-
ices they render.

One of the major tasks of the project has been the identification and classification
of these common elements into a logical structure. The structure has evolved over the
last five years. As a graphic representation of the knowledge of industry, it attempts to
show that industry exists in a societal environment which can and does affect how it
operates. It also attempts to convey the idea that there are thirteen major elements or
groupings of knowledge which can be isolated and studied, but which are interrelated.

Each of these major areas is further subdivided into a conceptual model. These
models identify a hierarchy of the concepts which are present in each area. A concept
has been defined as a psychological construct resulting from a variety of experiences
(detached from the many situations giving risetoit), fixed by a word or symbol and having
functional value to the individual in his thinking and his behavior.

The structure and its accompanying models have beendeveloped through consultation
and a review of the literature. They aze presently being used to develop a three-level
curriculum for the secondary school. The first level attempts to develop a broad founda-
tional understanding of industry, the second level will be an in-depth study of the major
conceptual areas, and the third level will allow the student to do research and experimen-
tation in one or more of the conceptual areas.

First-level materials, which include an instructor’s guide, student booklets and vari-
ous media, are now being used by twenty teachers in Minnesota and Wisconsin. Second-
level materials are being developed and tried by five teachers, and third-level materials
will be developed during the coming year.

As the program gains acceptance, it will be necessary to have teachers trained spe-
cifically for the purpose of teaching American Industry. A pilot teacher education pro-
gram has been developed at Stout, and presently twelve students are enrolled. (Additional
sections will be added this year.) This curriculum incorporates the latest thinking in
teacher education and is based upon the theoretical model of the effective teacher.

The project staff is confident that this program can bring about some of the needed
changes in our schools. Wehave, however, developed an evaluation program to determine
what behavioral changes are resulting from our efforts. An undertaking of this magnitude
cannot be accomplished in a few years, and ultimately it will require the cooperative
efforts of many schools and teachers. We welcome your suggestions and help in develop-
ing American Industry as a subject which can make a realistic contribution to the educa-
tion »f all men. .

Dr. Face is co-director of the American Industry Project, Stout State University, Menomonie, Wisc.

Tu-2.3 ACIAS
Business Meeting
Co-chm., T. Gardner Boyd, Leonard Glismann, Ralph Steeb

* REPORT OF ANNUAL BUSINESS
MEETING—ACIAS

Ralph V. 5Steeb

This report is a summary of the major items discussed during the annual business
meeting of the American Council of Industrial Arts Supervisors on March 14, 1967.
Gardner Boyd, President of the Council, presided at the meeting. Mr. Boyd gave his re-
port o the members, commending the Executive Committee, reporting the progress of
the Guidance Bulletin Project, and announcing the results of Dr. Woodward’s study on the
Duties of Industrial Arts Supervisors.

Dr. Ralph Steeb, Secretary-Treasurer, in his report announced a fiscal balance of
$737.52 in the Council’s checking account and $3,105.52 in the Council’s savings account.
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He also reported that the membership list cortains 218 names of persons who paid dues
during the last two years. Certain difficulties were expressed in the relay of dues from
the national office during the year. Two membership letters were sent to members dur-
ing the year.

Dr. Woodward’s study of the Duties of Industrial Arts Supervisors was discussed in
view of the contribution that it makes to the supervisory field. The Council decided to
revise the format of the report and have it printed for duplication and distribution to all
Council members. The title when printed will be ‘““The Supervision of Industrial Arts
Education.”” One thousand copies will be printed initially and will be made available to
persons who request the report.

Arthur Dudley, chief of the Bureau of Industrial Arts Education, New York State,
offered a new curriculum guide which had been developed in his state for grades seven
and eight to Council members for their review. The Council accepted the offer to be in-
volved in the assessment of this guide aud expressed an opinion regarding its timeliness
in view of the current movement toward a middle school organization. The Council further
directed its president to appoint a committee to study the possibilities of developing an-
other Council bulletin regarding ‘‘Industrial Arts for the Early Secondary Grades.’’

Dr. Marshall Schmitt reviewed the progress of the Terminology Study. He also en-
dorsed the previous action of the Council regarding a middle school curriculum bulletin.
He suggested that the Council also examine the senior high school curriculum, which
needs to be reviewed. Council members are encouraged to take advantage of the ESEA
Title 1lI possibilities which established innovative centers. Too few industrial arts pro-
posals have been submitted under this Title.

Dr. Steeb pointed out to the members that the profession needs an action program
regarding the teacher shortage and recruitment. While there has been considerable in-
formal discussion regarding this major problem during the convention, no program of
action has been adopted by any association or council. Dr. Woodward supported this opin-
ion and recommended the appointment of a recruitment committee by the AIAA. A recom-
mendation was forwarded to the AIAA that a recruitment committee be appointed to study
the teacher shortage problem and establish an action program toward its solution.

The meeting adjourned following the announcement regarding next year’s Minne-

apolis meetings.

Mr. Steeb is consultant for industrial arts with the Department of Education, Tallahassee, Fla.

Tu~-2.5 Student Clubs

Recruitment Dinner
RECRUITMENT OF INDUSTRIAL ARTS TEACHERS—A MAJOR PROBLEM?
Chm., Rex Miller; Rec., Denis J. Foley, Jr,; Obsr., Herbert Siegal; Panelists, Kenneth W. Brown, Don

Davies. Mr. Davies' manuscript was not provided.

RECRUITMENT OF INDUSTRIAL
ARTS TEACHERS

Kenneth W, Brown

Those responsible for employing or placing teachers need not be told there is a grow-
ing shortage of qualified personnel to fill the ranks. Researchers who gather data used
in forecasting educational conditions and events are unable to offer much encouragement
for the future on-teacher supply.

Looking ahead to the year 2000, it is estimated that the population of the world will
double, at least, by-that time. Since the figure was something in excess of three billion
in 1965, it will increase considerably beyond the 6 billion mark during the last third of
the present century if conditions affecting the predictions hold. ‘It is unlikely that the
population of the United States willdouble during that period, but the increase will be sub-
stantial if present trends continue. There was an 18.5 percent gain during the decade
between 1950 and 1960. The population of the contry today is estimated to be 200,000,000,
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of which there are better than 2,000,000 teachers.

Looking ahead again to the year 2000, it is evident that every teacher presently in
service must be replaced once and some two or three times. Thus, for recruitment over
the next thirty-odd years we start witha figure of something like 2,500,000. To this must
be added the number of teachers to take care of the increase in population, as well as the
number to meet the continuously mounting demandsfor more and better educational serv-
ices. The result is .that a base figure of at least 5,000,000 teachers must be in service
by the 21st century. Taking into account the present attrition rate of college students and
teachers in the ranks, but trusting that ways will be found to reduce losses from each
group, it will be necessary torecruit something like ten million persons to enter prepara-
tion for teaching during the next 35 years.

Thus, recruitment is not simply a case of interesting college seniors, or teachers
in other systems, to enter a particular school or to move to a different locale.

Turning to industrial arts, a conservative estimate of 40,000 industrial arts teachers
in the country today is used to apply the above calculations. Doing so furnishes a figure
of 100,000 industrial arts teachers to be prepared and pressed into service during the
next 30 years, just to break even with present demands. To this figure must be added the
number who enter college and those who enter teaching but do not remain. Then, it is
more-or-less inevitable that there will be an expansion of programs and services in this
country, as well as in othersaroundthe world. In total, therefore, something like 225,000
persons must be recruited for industrial arts teacher education by the end of the present
century.

Obviously the principal source from which teacher personnel must be recruited is
the secondary school. Consequently, the schools should assume a ma jor responsibility
for teacher supply. Inasmuch as they have custody of all children at career decision
times, this can be made part of the regular instructional program. That is, if the schools
are really dedicated to meeting the needs of youngsters, they will pay particular attention
to one of the gravest problems with which most every young person must contend—‘‘Who
am I, and what talents have I that can be exploited?”’ Thus, every secondary teacher
should provide opportunity for students tobecome acquainted with a wide range of occupa-
tions within the field represented by that teacher. Teaching, of course, is a major occu-
Pational category in most every field and youngsters should be made aware of the impor-
tance of these services to society.

To recruit for industrial arts means that every vestige of the manual training tradi-
tion must be abandoned forthwith. Industrial arts is an entirely different program and
requires a vastly different teacher. The theme of this convention, ‘‘Industrial Arts and
Technology’’ furnishes the cuetothe type of talents needed to be an industrial arts teacher.
In one sense of the word, industrial arts is in competition with engineering for recruits.
In reality, however, this is not the case. While both need talents in mathematics, the
physical sciences and things technical, industrial arts will recruit those youngsters who
prefer to concentrate upon the development of people rather than upon the production of
things.

Immediately following the stroke of midnight on January 1, we slipped into the last
third of the 20th century. We have been forewarned about the vast changes and extensive
opportunities that Iie ahead. All efforts on recruitment should be underwritten with the
realization that those entering teaching henceforth will be developing people to life in the
21st century. ' .

-Mr. Brown teaches at State University College, Buffalo, NY,

Tu-3.0 AlAA
First General Session
INDUSTRIAL ARTS AND THE NATIONAL lMAQE .
Chm., Robert L. Woodward; Pledge of Allegiance, Robert L. Woodward; Invocation, Lt. Cmdr. Stephen M.
Reynolds; Greetings, Dr. C. Taylor Whittier, The Honorable James H. J. Tate; Address, Seymour L. Wolf-
bein; Rec., Wade Wilson; Hosts, Rufus Johnson, Arthur W, Earl. Shriver L. Coover, Charles Story.
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INDUSTRIAL ARTS EDUCATION AND THE
TECHNOLOGICAL REVOLUTION

Seymour L. Wolfbein

Something has happened to education and training on the way into the last third of the
tweatieth century in the USA.,

Education, the first round of formal experience in learning, has expanded both at the
secondary school level and into the colleges and universities, among all sectors of our
population. Already, the average worker in theUS has 12.5 years of schooling. For each
of the major occupational groups in the expanding sector of the workforce—the white
collar jobs, including professional, technical, managerial, clerical and sales—average
educational attainment already has moved beyond the high school. The average education
of professional personnel is already the equivalent of a master’s degree.

Training and retraining, the subsequent rounds of learning foliowing our first formal
exposure to education, has increased enormously under the impact of new, publicly-
financed programs and an expansion inthe private sector. We are beyond the half-million
mark in the number of trainees authorized just under the four-year-old program under
the Manpower Development and Training Act. Industrial and union sponsored programs,
designed especially for combatting the inroads wrought on skills by technological change,
many of them sponsored under labor-management agreements, have increased significantly.

The big story, however, lies not so much in the numerical increases involved, al-
though that in itself represents a major change. What has happened, and is bound to con-
tinue to happen in the foreseeable future, is the blurring—in concept and in practice—in
what used to be considered cardinal differences between education on the one hand and
training and retraining on the other.

More and more, education has its antennae out for alerts on what is happening in the
social, economic, and political milieu to which it helps orient the people for whom it is
provided. More and more education is coming to be defined as the process which helps
the individual withstand the inevitable changes which are going to occur in the relationship
between what he learns and what he is going to be called upon by his environment to do.
And more and more, training and retraining, the reskilling and re-endowment of indi-
viduals during their lives, takes on the job of imparting not necessarily vocationally
specific knowledge, but, for large segments of our population, basic training in numbers
and language in basic processes and industrial concepts which they missed in the first
round, acquired only inadequately during their formal education, or simply have to aug-
ment because of new developments in the work environment.

Education and training, therefore, are becoming more fused, more interrelated, more
synchronized, more of a tandem operationastheyaim, in a continuum over the lifetime of
an individual, to make the citizenry in general, the work force in particular, more re-
sponsive, more adaptable, more maneuverable, more flexible in their relationships to
their environment.

In this kind of milieu, industrial arts education becomes the sequence of choice, the

course most responsive to what an individual needs in the context of changing technology..

In the new technological world, what matters least of all, if at all, is the learning of the
ability to read and perceive the materials of technology, eg., a drawing or sketch, the
forces affecting our changing industrial and occupational profile, problem-solving, the
relationships among tools, materials, processes, etc.

Two major developments—our changing manpower profile and our changing tech-
nology—have begun to bring these developments about and there is nothing in the offing
which will change their impact in the foreseeable future.

The manpower profile of the US is beirg recast during the decade in an historically
unprecedented manner. It has taken the shape of an hourglass, with a big bulge at.both
ends, representing the younger and older age groups, and a very narrow waist in between
representing persons in the middle adult age groups. For example, the net increase, by
age, in the American labor force between 1960 and 1970 will distribute itself as follows:

- Total 100%
14-24 years 47
25-34 years 13
35-44 years -1
45 plus years 41
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| Thus, in the midst of very substantial increases scheduled among new young workers
oA 3 and men and women 45 years of age and over, a prime working age group (35-44), from
: which we would normally draw our people with career development and experience into
: , supervisory, executive, managerial, professional jobs, will actually decline in numbers
3 ¥ and percentage,
3 ] i This gap in our manpower resources will actually get worse as the years go on. If
< g we shift to the period 1965-1975, then the -1 for the age group 35-44. becomes -7%. In
3 . fact, by 1975, there will be one million fewer workers in that age group than in 1965,

These are the persons, of course, who were born in the 1930’s when the birth rate was
depressed under the impact of depressed economic conditions.

We are therefore in the midst of a one-two manpower punch which will continue to
be delivered at us for a long time to come: the necessity for finding viable employment
opportunities for the million new young workers, while meeting the shortages in a vital
working age group.

The minus sign for the age cohort 35-44 should be put together with a factor involving
the very significant increases in demand for personnelin a great many substantive fields.
The last session of Congress put some dramatic additions to the list of occupations for
which personnel may turn out tobe inshort supply. We are going to need a 1009 increase
in guidance and counseling perscnuel in the nextthree years; 2 3/4 million more elemen-
tary and secondary school teachers will have to be added between now and 1975 ; we need
100,000 more librarians (colleges graduate 2,000 of them each year). These are just a
small sampling in the professional and technical fields to which demands for such skills
as repairmen of our cornucopia of equipment and machines have to be added.

Yet, there. is another equally surpassingly important arena in which adult education
and training will be called upon to operate. Of the 26 million new young workers, 7 1/2
million are scheduled to drop out of school prior to completion of high school; one out of
every three jobless never went beyond grade school, two out of three are high school
: dropouts; there is a perfectly negative correlation betweeneducational attainment level of
’ the head of a family and its income and poverty status.

Advancing technology represents the framework, the context in which these manpower
. developments are taking place. We refer hereto the steady, persevering non-spectacular
415 . changes in procedures, techniques, processes, designs, methods which have occurred in

: the USA and to which we ask our labor force to adjust. In some 8ections advancing tech-
nology has had a major impact on job declines (e.g., agriculture); in others, it has helped
employment to a substantial uptrend (e.g., instruments). But again, this has not been the
major impact of technology on our problem-~-especially -under conditions of substantial
economic growth, .

What has counted is the upending of our occupational and industrial distribution, the
steady stream of changes in job design, the increased emphases on job mobility. Our
most recent studies show that a young man of 20 embarking on his career will have eight
different jobs during his working life, involving seven job changes, giving him an average
of a little over five years per job. ’

And perhaps the most vital impact of technology has been the changing and generally
increasing educational and training prerequisites for getting and holding on to a job.

It turns out, therefore, that education and training in general, industrial arts educa-
tion and training in particular, are critical to American strategy and tactics for assuring
a fully employed work force capable of meeting a decade of enormous potential. In the
immediate years ahead, five dimensions in particular will have to receive the undivided
e attention of the adult education field. Iwill, for brefity’s sake, put them rather starkly as

g predictions. Here, then, are our five predictionsfor the next decade in the field of indus-
trial arts education: :

Industrial arts education will extend its principles and practices toward both
ends of the age scale. It should and will embrace the 18-year-old drop-out engaged
in a basic literacy retraining program as well as the 58-year-old engineer updating
his skills and knowledge in the arena of space aerodynamics. Its domain should de-
liberately and will designedly include everyone outside of the first round of formal
education.

Industrial arts education must and will move into the neighborhoods, as well as
expand in its more familiar arenas of operation in the evening high schools, in the
colleges of continuing education, in on-the-job factory sites, in special courses spon-
sored by labor, management or a combinationof both. If we are to deal with the more
intractable problems of unemployment and poverty, the principles, practices and
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practitioners of industrial arts education have to move into the places where the
probleras are—and deliberately bring the necessary programs to the disadvantaged.

This is why industrial arts education, as we have described it, should and will
be a critical part of the strategy of bringing civil liberties through meaningful eco-
nomic and educational opportunity to all who need it. The enormous educational and
training deficiencies among the unemployed and poor and discriminated-against have
to be overcome before civil liberty can become a viable concept in our society. It
turns out that at this juncture of cur history, industrial arts education has to provide
the wherewithal for helping bring this about. It will have to zero in on these dis-
advantaged deliberately and develop the techniques for doing the job.

Industrial arts education as we have described it should and will play a critical
role in the labor-management.arena, particularly in the development of continuous,
pre-crisis bargaining. More and more, training and retraining become the prescribed
course of action for mitigaing and evenpreventing the manpower displacement poten-
tial of technological change. I will predict that industrial arts education—again the
form we have described—will expand enormously as a company-financed, on-com-
pany-time part of the new trend in the labor-management arena which emphasizes
the need to develop patterns of employer-employee relations on a continuous basis
rather than see them move into a crisis stage as contracts come to an end.

Industrial arts education must and will enhance the quality of its personnel. All
of us have had to and will continue to fight the battle of quantity, the problem of sheer
numbers in the places and people we must help and work with. But we have to leave
room in our efforts for the better-and-better as well as for the continuing race for
more-and-more. The trainers rhemselves, the educators themselves have to be~
come at least as responsive and flexible and adaptable as we want our clients 1 be.

Dr. Wolfbein is the Dean, School of Business Administration, Templz University, Philadelphia, Pa.
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Second General Session

THE CULTURAL AND EDUCATIONAL HERITAGE OF OUR TECHNOLOGICAL SOCIETY

Presiding, Robert L. Woodward; Chm., Sherwin Powell; Greetings, Wade Wilson, Arthur Hertzfeld; Pres-

entation, Melvin Kranzberg; Rec., Merrill Campbell; Hosts, Raymond J. Ross, Stanley Brooks.

TECHNOLOGY AND CULTURE OF THE PAST
—CONTENT FOR INDUSTRIAL ARTS

Melvin Kranzberg

Recently the newspapers have been filled with talk about what is called ‘‘the tech-
nology gap”. By that is meant the difference between America and Western Europe in
the acquisition and exploitation of technical knowledge. European politicians, economists,
industrialists and educators fear that the United States, which already has a commanding
technological lead, is steadily widening “the technology gap’’ and that Europe might fall
so far behind that it might never catch up. Then Europe will remain forever technolog-
ically backward, with all that this implies in terms of international power, standards of
living, social and educational level and the other hallmarks of a progressive society in
our modern scientific world. )

One of the reasons advanced to explain the technology gap is the snobbish attitude
of Europeans toward the technologists whoare inlarge measure responsible for industrial
growth. The result of this snobbism is that inadequate funds are provided for technical
education, that technologists are poorly rewarded for their efforts in behalf of society, and
that the best minds tend to shuntechnological careers. European social analysts contrast
this situation with what they imagine exists in the United States, where they claim the
technologist is amply rewarded and is deferred to by other elements of society. Europe,
they say, can never hope to narrow the technology gap unless its basic social attitudes
are transformed into a true appreciation of the technologist and his work,

Granted that the technology gap is real and, further, that one of the reasons under-
lying it is the social snobbery toward the technologist and the resultant inability of the
Europeans to foster technological growth, the fact is that the European concept of the
elevated status of the technologist in American society is a myth. While the position of
the technologist might be relatively higher in the United States than in Europe, the fact
is that the technologist’s rewards in American society, both material and psychical, are
not commensurate with his contribution to our society, and that the snobbishness toward
the technologist of which the Europeans complain is also prevalent in America.

We have but to look at our educational system, where the position of the technologist
reflects in microcosm the prevailing social attitudes within the larger macrocosm of
American society. In our universities, the faculties of liberal arts look with disdain upon
the scientific and engineering faculties as *‘cultural barbarians’ and “‘plumbers.’”’ In
our secondary schools, the teachers of industrial arts are looked down upon by their col-
leagues in the humanities and social sciences; these latter regard industrial arts courses
as making no intellectual demands upon teachers or students, and the students who find
fulfillment in such courses are looked upon as u:..ts who are incapable of being educated
along traditional lines. Even inour elementary schools, the time spent on tasks requiring
manual skills is considered a trivial diversion, almost as a recess, so that the child can
return refreshed to traditional subjects which are presumably more taxing intellectually.

I find this attitude shocking for several reasons. First, it is in blatant contradiction
to psychological studies which demonstrate that technical skills and technological insight
require as high a degree of imagination, ingeinuity and creativity as do those subjects
based upon verbal facility. Second, it divorces much of our‘education from realities.
To downgrade the importance of technology and technologists is to forego the possibility
of analyzing and understanding American society. Third, it ignores the fact that the hu-
manistic superstructure of our society—its arts, literature, music, philosophy and all
the other so-called ‘‘higher things of life’’ —has been made possible by man’s technolog-
ical progress throughout the centuries. In other words, the contributions of technology
to human society and culture aye glossed over, if not completely obliterated.
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What is perhaps most shocking is that even those of us who teach technological sub-
jects are guilty of the same errors. We fail to challenge the imagination and creativity of
our students by presenting them with technical problems which would stimulate those
qualities. We do not ennoble our subject matter because we fail to acquaint our students
with the significant role which technology has played throughout history and in creating
our contemporary world. Indeed, we are largely ignorant of this role because we ourselves
have neglected the history of our own subject. Finally, we have failed to educate our col-
leagues to a proper awareness of the role of technology throughout history and of how their
own disciplines have been affected by it. ‘

Now, I could discomfit our modern *‘intellectual Luddites’’, who hate the machine and
the technological world which it has created, by showing how they use technology while K
at the same time abusing it. They sit in their centrally-heated studios or in air-condi- 7
tioned offices while voicing their diatribes against technology on a dictating machine. If
they are not yet so wealthy or famous as to afford a secretary to transcribe their notes,
they-hunt and peck on a typewriter to vent their spleen against the machine and what it
has done to modern man. Fromtheir publishers they demand that their strictures against

; technology be published quickly and in great quantity and achieve wide distribution—all of
3 this made possible only through advances in the technology which they profess to despise. ;
Their fondest dream is to promote the sales of their anti-technological books through ;

appearance on a nation-wide television program, utilizing the latest technological devices , 3
in order to denounce technology itself. ; 3

1 am an historian, so instead of attempting to confound the critics of technology by 2
showing the logical inconsistency of their position, I prefer to turn to the historical rec- P
ord. While history reveals man’s brutality towards his fellowman, as well as his social
and cultural progress and his institutional and economic advances, all of these, bad as
well as good, are bound up with technology. If engineers, technicians and teachers of in-
dustrial arts were to look into the role of technology in the past, they would discover that 3
they have no reason to feel inferior before their brethren who glorify the humanities and 4
liberal arts. Instead, they might feel superior, because so much of civilization and so
many of man’s triumphs in philosophy, literature and the fine arts have been dependent
upon the technological and industrial arts. 2

Indeed, looking back tothe very beginning, we find that man himself is a product of the
interaction of our beastly ancestors with technology. Anthropologists distinguish between
man and his sub-human ancestors by thefact that man makes and uses tools. Man probably
could not have evolved or survived without tools—he is too weak and puny a creature to
fight nature with only his hands and his teeth. As anthropologists dig up older and older 3
fossils of human-like skeletons surrounded by primitive tools or implements, they pos- 4
tulate that technology is perhaps responsible for ourhuman form. Thus, men stood erect 4
in order to throw stones; they did not throw stones because they were already standing :
erect. We call our species homo sapiens, ‘‘man the thinker,” but we are coming increas-
ingly to realize that man could not have become a thinker had he not been at the same
time homo faber, ‘‘man the maker.”” Man made tools—but tools made the man as well. : 3
Technology is thus oiie of the most ancient and basic of human activities.

Not only was technology essential to the emergence of our species, but also it played
a major role in the development of human society. The very terms by which we measure
the progress of civilization—Stone Age, Bronze Age, Iron Age, and even today’s Atomic
Age or Space Age--show a growing technological mastery by man of his environment. 3
The development of settled communities, upon which the rise of civilization was based, ;
rested upon a technological innovation: agriculture, In pre-history before then, men had , .
been hunters; in a sense they had been parasites upon nature. But once they learned to : E:
grow crops, there arose the possibility of settled and civilized life. Instead of being
parasites upon nature, men began to cooperate with nature.

Agriculture meant that men couldderive a little more from nature than was absolutely
necessgry for their ownsubsistence. Ina-subsistence economy, one where men are barely
able to scratch out a living, cultivation of the arts is minimal. Only when technology had
enabled men to eke out a surplus from nature could they afford the leisure to attend to
intellectual and cultural pursuits.

Because our contemporary civilization is so greatly advanced technologically over
that of our prehistoric forebears, we tend to downgrade the technical skills which our
Stone Age ancestors must have possessed in order to be able to survive. When, a few
years ago, a class at the University of California was provided with a pile of flints and
given the task of shaping simple stone implements from them, they found that after many
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hours of repeated trial-and-error they could not produce tools which would have sufficed
even for a run-of-the-mill Stone Age man. Such primitive sgkills are not easily come by,
and Stone Age manhimself had difficulty withhis tools. The glassy fracture of flint, which
made it so distinctively useful to him, also made it fragile, with a tendency to chip or
break, so that flint tools had exasperatingly short lives in service. We can see evidence
of this today at a paleolithic site in Kenya, where hunters had skinned and cut up the ani-
mals they killed. There, around the skeleton of a single animal, are over 20 hand-axes
and flakes, dulled, broken and discarded.

With tools and with agriculture, men could produce a bit more than was required for
their own subsistence. They could even support people who were no longer engaged in
growing or hunting food. Some men could begin to specialize in mining and 8mithing to
produce metallic tools which would be superior to stone instruments. These metallic
tools, together with other technical advances, made possible further increases in produc-
tivity, and society could support ‘‘non-productive’’ individuals—priests, philosophers,
artists, writers. Indeed, the cultivation of the so-called ‘‘finer things of life’’ would have
been impossible without the increased production available throughtechnological develop-
ment.

It is easy to demonstrate how man’s material progress—from savagery to barbarism
to civilization—throughout the ages has been closely linked with technology. In terms of
energy, there has been the transition from human muscle power to that of animals, to
wind and water, to steam and oil, to rockets and nuclear power. With machines, we have
witnessed changes from hand tools to power tools, from craft shops to mass production
lines, from the beginnings of job definitions and quality control to computer control of
factories.

The ceaseless march of technology has done more than alter the material conditions
life and work; it has also changed many other aspects of human civilization: political
institutions, social organization, economic concepts and practices, legal codes, and in-
deed, our entire cultural life. By this 1 do not mean to suggest that technology has by it-
self determined the course of civilization; rather, it has often been a pre-condition for
changes in other aspects of society, although sometimes it has been the major determinant
of developments. For example, we can see how those ancient empires which relied upon
stone tools and weapons were conquered by those which possessed superior weapons
made of bronze and then later of iron. We can see how the feudal system, which prevailed
over Western Europe for centuries, gave way to centralized monarchical states with the
introduction of gunpowder, and how technological advances in weaponry help shape the
international power structure in our. contemporary world.

I could go through the entire course of history selecting various political, social and
cultural developments and indicating how these have been affected, either to a greater or
lesser degree, by technological developments. But time would not permit such a dazzling
display of erudition on my part, even if I were able to do so. Instead, 1 shall concentrate
on examples drawn from a single field of technology: communications.

Communications technology is especially relevant to our discussion. For one thing,
communication developments are familiar to all of us, and their social and cultural im-
plications can easily be grasped. Besides, the detractors of technology come largely
from our literary subculture, and they have used the communication devices furnished
them by technology to denigrate technology. It is only poetic justice that they be shown
how communications technology has had a profound effect upon their own methods of
thought and action.

Leaving aside the early development of speech and of writing, which, of course, had
a technological component, we can begin our story with a much later communication
medium: printing, The history of printing is a fascinating case study showing how dif-
ferent developments in separate fields, made by many anonymous craftsmen, could be
gathered together into a great synthesis eventuating in a simple yet important device, the
printing press; but we are primarily concerned here with its sociocultural consequences.
Before printing, the communication and dissemination of information was chiefly by the
spoken word or through expensive and laboriously handwritten texts available only to a
select few. Of necessity the literary culture was aristocratic, while the popular culture
was rarely submitted to writing for the simple reason that the mass of people could
neither read nor write.

It would be useless for me to belabor the profound significance of printing for West-
ern civilization. Itsimpact wasfelt almost immediately in such diverse fields as theology,
where reformers ushered in a religious revolution by using printed tracts and published
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translations of the Bible in the vernacular as the instruments for conveying their thought;
in science, where printed journals and books became the vehicle for the diffusion of
knowledge and stimulated speculation and experimentation; in trade and commerce; in
literature; and in technology itself, where technical knowledge could be communicated
without recourse to the oral transmission used by the craftsmen who dominated the pro-
ductive system cf the time.

Nevertheless, the full consequences of the invention of printing did not make them-
selves felt all at once. For several centuries after the introduction of printing, the cost
of printed matter still remained high, far beyond the reach of the mass of the population.
Literary culture remained the province of an aristocratic and intellectual elite, and
literacy remained confined to a small minority of the population. It was not until the
19th century, with the development of the rotary high-speed press, cheap inks and inex-
pensive paper that the printed word began to filter down to the masses. There were pro-
found repercussions in many different areas of human endeavor.

With reading materials within the price range of virtually all, the demand for educa-
tion could begin to be satisfied, and by the end of the 19th century most of the Western
nations were well on the way toward wiping out illiteracy. Political democracy, depend-
ent as it is upon an informed electorate, grew apace, accompanying the rise in literacy.
There had been democratic states before, but these were only viable when the political
unit was so small, as inthe Greek city-states, that everyone could be well informed simply
by word of mouth; now democracy was possible in larger nations, even of continental
size, such as the United States. The principles of democracy had been enunciated long

" before technological developments made it actually possible to apply them in practice—

and once technology had done so, democracy was not slow in coming. Our democratic
system of government, upon which we pride ourselves so greatly, can be shown to be di-
rectly related to technological developments in communications and in other fields.

Printing not only made possible political democracy; it fostered cultural democracy,
for ever-larger segments of the population could become acquainted with the knowledge of
the past and informed of present happenings. The result was social and cultural revolu-
tion, transformation of the old arts and the development of new ones. Take, for example,
the development of photography during the course of the 19th century.and its effects upon
the arts. Prior to this time, one of the prime purposes of representational painting and
drawing was to portray historical events and personages in as realistic a manner as pos-
sible. Photography did away with this function of the older art, for the camera could
capture with instant realism the appearance of things. Since the artist could no longer
compete with the camera in the outward portrayal of events and people, he was forced to
show the inner appearance lying behind the outward reality, just as the greatest artists
of the past had done. Released from the bondage of a representational realism, the
artist was free to experiment with colors and forms, and with the inner world of percep-
tion. It is not surprising that the later 19th century witnessed new directions in painting
and experimentation along many different lines which are still continuing today.

When photography was combined with printing, reproductions of the great works of
fine and plastic arts could be communicated throughout society. Similarly, the develop-
ment of the phonograph enabled the performance of musical works by great artists of the
past and present to be diffused throughout society.

Many other advances in communications could be mentioned. There are the telegraph
and the telephone, which speeded up communication between people, and electronic de-
vices, the radio and television, which made possible still faster communication and the
dissemination of information to ever-larger groups.

Perhaps the communications developments affecting in most revolutionary fashion
the social attitudes and values of our times have been the motion picture and television.
Leaving aside for a moment value judgments as to the quality of movies and television
shows, we can see how these devices are creating an integrated and unified—some might
even say homogenized—society than was everbefore possible. Throughout most of human
history there has been a great gulf in patterns of living between people of different na-
tions, between people of different regions within a nation, and, equally significant, be-
tween city dwellers and rural residents everywhere. Advances in communication are
gradually narrowing these gaps. The people in East Dogpatch watch the same television
shows, read the same news on the same day, indulge in the same amusements, and read
the same books and magavines as do the ‘‘city slickers’’ from New York. Sociul critics
raise their hands in dismay at the thought that the culture of the United States is-becom-
ing uniform, that local variations in dialect, accents, food preferences, clothing fashions
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and the rest are disappearing. 1 dc not know whether this is good or bad. Alll can do
as. an historian is record the fact thatthis is a more unified nation socially and culturally
than it has ever been in its entire history—and this is the work of technology. And we
know that the motion picture and television, now assuming international ramifications,

are disseminating American standards and values, the American ‘‘way of life’’, to other .

peoples throughout the world. The result can be for the first time the development of a
truly international culture, something about which people have dreamt for aeons, but
which was not possible without the miracle of modern communications technology.

Not only can culture be spread through communications, but its level can be raised.
By long-playing records, by inexpensive art reproductions, by paperbound books, and by
movies and television, great masses of people canbe brought into contact with the best of
human thought and creativity in both past and present.

It is an interesting sidelight to note that the critics of modern technology look down
their noses at what they derisively refertoas ‘‘mass culture’. They ignore the statistics
which indicate that even in the ‘‘materialistic’’ United States, attendance at concerts
exceeds attendance at organized baseball games, that more books are being published
every year, and that the amount of money spent on theatre and the opera has almost
doubled in the past decade. Tothe ‘‘bleeding heart humanist’’, this argument is meaning-
less—largely because it is stated in numerical terms. Technology, they say, provides
only a quantitative rather than a qualitative advance in man’s culture. They declaim
against the debased aesthetic taste of the masses, and then they turn and attack the tech-
nological means by which that taste can be elevated.

Now 1 am certainly not going to defend tue bad taste of television shows and radio
programs, the drivel printed in many books, and the trivial messages which can be in-
stantaneously transmitted over our modern communications networks. Nevertheless,
when we look at the defects of our modern culture, we might ask who is to blame—the
technologist or the humanist? Thetriumphs of technology during the past several decades
stand in growing contrast to the failures of the humanities. It took only 25 years from the
enunciation of the fundamental physical concepts to attain intercontinental television
transmission by satellite. 1t may be true that few have anything important to say on
television, but whose fault, over 25 years, is that? Who writes the movies? Who writes
the television shows? The technologist merely makes possible these means of com-
munication, but it is the gentlemen of our literary subculture who determine what is com-
municated. The technologists have provided them with enormous means to reach vast
audiences, waiting to be educated and entertained. Technologists have not been lacking in
creativity and imagination, but our humanists have failed to take advantage of the new
audiences which the new means of communication have placed at their disposal. The
technologists have provided the humanists with a great new birthright, and the humanists
have sold out for a mess of porridge!

What 1 have been saying implies that technology is, in a sense, culturally neutral. It
simply provides means and has no control over the use of its techniques. But there is a
body of thought which claims that the technology subtly but truly transforms the culture
itself, providing it with new and different modes of thought, attitudes and values. The
extreme statement of this position, at least in regard to communications technology, is
Marshall McLuhan’s famous dictum: ‘‘The medium is the message.”’

Although it is sometimes difficult to understand what McLuhan is trying to say—and
McLuhan admits that he cannot always understand himself —what he means is that the
techniques and means of communication—the media—are in some way determinate of
the message transmitted by the medium. He argues, for example, that the invention of
printing caused men to order their thoughts along specialized, professionalized, individ-
ualistic lines which were determined by the linear, sequential, mechanical method of
printing and, of course, manner of reading printed matter. Stating that man’s tools are
essentially extensions of man himself, McLuhan claims that communications are espe-
cially significant: ‘‘They are so persuasive in their personal, political, aesthetic, psy-
chological, moral, ethical and social consequences thatthey leave no part of us untouched,
unaffected, unaltered.””

‘‘Societies,”” McLuhan writes, ‘‘have always been shaped more by the nature of the
media by which men communicate than by the content of the communication.”” Because
our communications mediurii is changing from books to electronic technology, everything
else is in the process of changing with us. Our new mass electronic technology is no
longer linear, sequential, and specialized; it is instantaneous,and it involves many of our
senses. Because media, as tools, are extensions of man—the book, for example, being
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an extension of the eye—McLuhan compares electric Circuitryto an extension of the cen-
tral nervous system. With our old communications media we saw only through the eye;
our new communications media, electronic in nature, enable us to ‘‘fee]’’ throughout our
entire nervous system.

Now even if whatr McLuhan is saying is not entirely comprehensible, the thrust of
his argument confirms my point. Not only has technology played a major role in the de-
velopment of our material civilization, it has played a significant part in determining the
non-material aspects of our civilization and culture. To this argument McLuhan adds
the point that cemmunications technology determines even our conceptualization of the
world.

There is yet another lesson to be drawn from the story of man’s technological prog-
ress. This is a simple lesson, one of which you are already quite aware, but one which
nevertheless bears repeating because it runs counter to an argument drawn loosely and
falsely from the history of technology itself. That argument is one which claims that our
modern scientific technology is producing devices of such complexity and ability that they
are superseding man himself. If carried to its logical extreme, this argument would
make education in the industrial arts obsolete and teachers of industrial arts extinct.

It is a compelling argument because it is founded on two elements which are histor-
ically sound. First, the most advanced and sophisticated technological fields, such as
aerospace and nuclear engineering, represent a wedding of science and technology.
Second, our contemporary computer-based machinery, as machines through all past
history, reduces the amount of human labor necessary for a given task. The skill is built
into the machine, and the machine can perform more rapidly and accurately the work of
numbers of men. In brief, the machine displaces human labor. Ergo, we don't need the
industrial arts, for they do nottrain students to participate in a science-based technology,
and, in any case, automation dispenses with the need for the technically skilled students
who are the products of industrial arts training. At least, so the argument runs.

While it is true that technology is becoming more science-based and that automation
replaces workingmen, the implications drawn from these facts are historically false.
They are false because the proponents of this argument have applied these facts in too
narrow a context. A conclusion more in line with the historical lessons of the past would
be that we need more, not fewer, technical personnel, and that education in the industrial
arts, far from being doomed, is more necessary than ever before. Let me explain.

Because our technology is becoming increasingly complex and scientific, our engi-
neers have had to become more scientific intheir approach to technological problems and
to extend their training into graduate school. But this does not mean that the middle and
lower ranges of technologists have become obsolete. Instead, it means that their educa-
tional level and skills must also be raised to meet the rigorous demands of a more com-
plex technology. While certain breakthroughs at the frontiers of knowledge might be
achieved only by highly trained rechnologists who are thoroughly grounded in high-powered
science, there is a large range of technical innovation which still depends upon the skilled
technicians who are in constant touch with the machines and processes themselves.

Note that I differ here from those who, at one extreme, state that only those possess-
ing doctoral degrees will be responsible for all meaningful innovations in future tech-
nology; 1 also differ from those at the other extreme who point to the fact that the land-
mark inventions of the Industrial Revolution inBritainin the 18th and 19th centuries were
made by men who had no training either as scientists or engineers, and hence claim that
the great innovations of the future will likewise be the product of untutored geniuses.
The fact is that these earlier inventors, plus those who came later, advanced technology
to such a complex stage as to make the basement tinkerer and the lone inventor obsolete
as for major innovations. Yet even in highly automated modern plants, many innovations
can ctill be made by skilled technical personnel who possess no Ph.D.’s in engineering
science, but who possess imagination, ingenuity, and, most importantly, a thorough ac-
quaintance with the technical processes and their problems. A recent study of technical
improvements made at rayon plants of the DuPont Company from 1929 to 1960 showed
that a series of so-called ““minor improvements’’ added up to major technical advances.
Furthermore, the larger part of these improvements were developed within the plants
themselves by personnel intimately concerned with current operations, whose function
was often to keep existing operations trouble-free, rather than by formal research and
development groups containing high-powered scientists and engineers. In other words,
the skilled technician still plays a large part in producing technological innovation.

Even if future innovation were restricted to highly trained scientists and engineers,
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they would require the services of large numbers of trained and skilled technicians in
order to make optimum use of their ownadvanced training. 1 know of no statistical studies
indicating the number of technical personnel required for every scientist and graduate
engineer working in a laboratory or plant. Such statistics, if they existed, would probably
show that the number of “‘backup’’ technical personnel varies from industry to industry
or even within an industry, depending upon the type of work performed. The point is that
the demand for engineers is growing, and the demand for skilled technicians is keeping
.pace with it. A recent study by the Engineering Manpower Commission of the Engineers
Joint Council shows a projected national growth in engineering employment of 33% from
1965 to 1976. The demand is far in excess of the supply; 830,000 graduate engineers will
be required during those years, but only 500,000 will be graduated from the nation’s
engineering schools during the same period. This ‘‘engineering graduate gap®’ is para-
lleled, or even outstripped, by the demand for engineering technicians, whose employ-
ment is expected to increase by 36% in the 1965-1976 period. As our society becomes
increasingly dependent upon more complex technical devices, we require more tech-
nologists—at all levels—to build, operate and maintain them. This demand comes not
only from our great industries but also from our consumer economy. For there is an
equally pressing need for qualified technical personnel to repair and service the tech-
nological products which are purchased by the consumer. '

Can history also reassure us about the onrush of automation, which presumably re-=
sults in both a downgrading of skills and a decrease in the work force?

A look at isolated examples of automation can be very misleading in this context.
We read about a machine performing 500 manufacturing functions which formerly took 70
men to perform, and about the 48 men with automated equipment who replaced 400 men
and turn out the same finished products inhalf the time. But that is only part of the story,
and we have similar examples in past history of machines replacing workers.

What happened to the spinners and weavers whenKay’s flying shuttle and Crompton’s
mule and Cartwright’s power loom appeared on the scene in the mid-18th century? Did
spinners and weavers disappear while the machines took over? Far from it! Within fifty
years more people were engaged in weaving and spinning on machines than had ever been
engaged in these processes when they were manual operations. How did this come 3
about? The cheapening of the products through machine manufacture increased the de-
mand. And not only were there more people engaged in spinning and weaving, but also
there was more industrial employment because many men had to be drawn into factories #

- : in order to build the machines utilized by the spinners and weavers. ! 3
2 While it istruethat many individuals willbe thrown out of specific jobs by automation, ] ;
T and while this process will accelerate with every passing year, it is also true that science :
- ' and technology are advancing at a pace never before witnessed in history. This, we know, 4 |
will create new lines of productivity, new and better jobs, new professions and untold ) :
wealth. It always has. There is no reason to believe that this process will cease or )
slacken, especially in a world whose population is growing and whose technology must {
keep pace if this expanding population is to meet its needs of food, clothing and shelter.
Although the need for manpower on our production lines might lessen with the intro- 4
duction of automated machinery, we will require more technical personnel to man a whole
host of auxiliary activities required by automated factories. If industrial plants are to
operate efficiently, a score of auxiliary technologies are called into play: air-condition- ‘ f:
ing, heating and ventilating; building materials and services; communications systems; }
i instruments and control maintenance; lubricants and lubricating systems; materials han- ;
: dling equipment; plant protection equipment; pollution control equipment; power genera- 3
tion and distribution equipment; safety equipment; sanitation and cleaning equipment; ‘ "
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storage equipment; and so on. All these supporting elements to industrial production
cannot be left to hit-and-miss procedures and unskilled personnel. We cannot leave the
servicing and maintenance of machines costing millions of dollars in the hands of un-
trained and uneducated dolts. The technician must have maturity, judgment, motivation,
extensive training in technical fields and in non-technical fields; he must have an appre-
ciation for his work, and a recognition of his role and status in society.

The need for more.technologists does not derive solely from our own advanced indus-
trial system. It also derives fromunderdeveloped areas. The need of the emerging. coun~
tries for American ‘‘know-how’’ is massive. We have already learned some valuable
lessons from our brief historical experience with technical assistance programs. Too
often in the past, developing countries have reached for sophisticated technologies— b

- nuclear reactors and steel mills—when what they needed were technical skills which
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were more commensurate with their stage of technological development. 1n addition to
meeting our own needs for technical personnel, we must also meet the needs of the under-
developed countries. Industrial arts educators thus have the opportunity to be educators
for the world, not only for their own locality.

The task before us, then, is one which poses severe challenges. We need more tech-

nological education from the highest to the lowest levels, from Ph.D.’s through graduate |

engineers, from two-year community colleges and technical institutes through vocational
schools and industrial arts courses in secondary schools, down to the primary grades.
Although this is a task of unparalleled magnitude compared to the technological education
of the past, we have several things going for us.

For onme thing, there is a growing awareness of the importance of technology in our
gociety, and this might help us channel more students into meeting the demands for skilled
and educated technical personnel. When, inthe late afternoon of November 9, 1965, a tiny
electrical relay in a power station in Ontario, Canada, failed, that did more within 24
hours to convince Americans that ours is a technological society than did their daily and
continual confrontation with the well-functioning products of modern technology. Every-
one had at sometime or other a vacuum cleaner that went on the blink, a car that stalled,
or a watch that stopped. But these were isolated instances. The ‘‘biggest blackout’,
however, gave a dramatic demonstration of the complete and total dependence of our mod-
ern society upon technology’s machines, tools, vehicles and processes. It should no
longer be necessary for us to justify the importance of the subjects we are teaching. Our
contemporary civilization could not exist in its present form without the technologists
whom we are educating. .

Furthermore, we now recognize that technological skills require just as much keen-
ness and sensitivity as do literary and other types of intellectual activity. Experimental
programs throughout the country are developing curricula to challenge the student’s
imagination and ingenuity with technical problems and to lead him to a higher level of in-
tellectual exercise through technological studies.

In addition, we are aware of the need for more, and more highly trained, technologists
if we are to keep pace with the changing and growing needs of society. In other words,
technological education must grow both quantitatively and qualitatively, and that is no
easy task.

The challenge to teachers of industrial arts is especially great. For too long they
have been relegated to the basement of our educational system, both literally and figura-
tively. This situation will only come to an end if and when industrial arts teachers meet
the challenge of this new technological age. It will come to an end only when industrial
arts teachers develop new curricula tomeet the needs of our expanding and more complex
technology. Teachers of industrial arts must not only upgrade their teaching of technical
skills but also must interest and challenge their students by imbuing them with a sense of
the significance of the industrial arts in the past, the present and the future.

John Gardner, Secretary of Health, Education and Welfare, challenged all educators
when he said that the society of the future must strive for excellence in both plumbing and
philosophy, so that its pipes and its theories alike will hold water. My brief summary of
the importance of technology in civilization attempts to extend Dr. Gardner’s remark by
demonstrating that if our pipes do not hold water, our theories will never hold water.
Modern civilization is dependent upon a high level of technology, and there is no retreat-
ing from it. As educators of future technologists, we can strengthen the technological
foundations of society. Then the other aspects of our culture, resting upon technology as
they have thronghout the history of civilization, will also be stronger and greater.

Mr. Kranzberg is Secretary of the Society for the History of Technology, Case Institute of Technology,
Cleveland, Ohio
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THE AMERICAN INDUSTRY PROJECT

Eugene R. F. Flug

There have been many reactions to the American Industry Project since its beginning
in 1962, so perhaps 1 should dispel some of the misconceptions that have come about as
the result of the tendency for the practitioner to leap to,unwarranted conclusions,

Americaii Industry is not just a patch on the old industrial aris curriculum. It is
not “‘a shop taught without tools”’ as a Milwaukee paper once headlined. It is not ignoring
appropriate skill development. It is not intended for the gifted student alone, nor is it
only for boys. It is not intended to introduce a national, univariate curriculum into our
schools. It is not a program designed by social studies specialists in order to gain more
time in the school curriculum. It is not an ivory tower approach to curriculum building.
And finally, it is not represented as the only approach, nor the final answer to all of the
problems of industrial arts and vocational education,

What, then, is American Industry? That was one of the Project’s first questions and
the focus of our inquiry. In order to help you understand our project, it is necessary for
us to examine together the basic ideas upon which our efforts have been predicated.

So much has been written and spoken about change, I'll merely note in passing that
this is accepted as a root cause of the need for increasing and continuing attention for
curriculum work. : .

Two major ideas have guided the recent efforts of curriculum makers and must be
understood if the American Industry Project itself is to be understood. These are the
idea of “‘concept’ andthe idea of ‘‘structure”. Let us examine each of these ideas in turn.

I’ve found that one of the best ways to gain an insight into what a concept is, is to
look closely at a concept which is held to some degree by everyone. Recall how, from your
earliest days, your mother shaped your understanding of the importance of certain events
by using such phrases as: “It’s bedtime, suppertime, tomorrow, sometime, it’s time
to get up - hurry up, you're late for school.”’ When you grew older and obtained your first
job you found that an hour had monetary value; you might forget your birthday, but your
wedding anniversary, never! And if you hadn’t learned that childhood lesson of rising early
you’d occasionally miss the bus to work. When the job became routine, Friday came to
have special significance. If youused a camera, you discovered that a fraction of a second
became important. Only recently the radioed report “‘one more orbit to re-entry’’ became
commonplace. The concept of time, one of our most abstract concepts, is held to varying
degrees by everyone. If we look back on the lessons through which we learned this im-
portant concept, the nature of a concept and of concept learning may be seen.

Very briefly: Concepts may be held at various levels of understanding; they are
formed through a variety of experiences; they are expressed in words or other symbols,
but the concept is much more than just the word itself. Therefore, mere verbalization
is not the best evidence of knowledge of a concept. A concept may be likened to a cate-
gorization system of related knowledges, and the concept term a kind of flag indicator in
the mind. The working definition which we have built from many sources defines a con-
cept as ‘‘a psychological construct resulting from a variety of experiences (and detached
from the many situations giving rise to it), fixed by a work or idea, and having functional
value to the individual in his thinking and behavior.”’

The transfer power of conceptual thinking represents a basic reason for its emphasis
in curriculum building.. If you link your concept of time'to the concept of distance, for
example, much meaning can be attached to other understandings. An example of the power
of conceptual thinking could be seen in the laboratory of a conceptual teacher introducing

the concept of skill to a student. His emphasis, rather than teaching only the steps of an
operation, would be on the skill-learning process itself. He would indicate the importance
of following a good model performance; analyzing the skill for its constituent elements:
comparing each step of performance with the model; and the need for supervision until
the learner has reached the point of integration and performed the skill successfully.
The learner would record the results of his practice and compare with other learners the
results of massed practice versus spaced practice. In short, the conceptual teacher, -
when teaching skills, would guide his student soas to help him to become a skills learner,
not the learner of isolated skills. ’

We have on our staff, teaching laboratory courses to our college students in American
Industry, a talented young man from East Cleveland. Doug Stallsmith taught at Shaw High
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School and, with two others, developed a fine technology program which was conceptually
oriented. In his approach to teaching machine technology, Doug had defined a machine as
a device which, through movement, applied forces which made use of mechanical advan-
tages to produce work. By examining each of these attributes of the concept of machine,
the students were able to make learning transitions from one machine to another with
considerable facility, They were able to g0 beyond the machine as it stood in the shop,
and adapt it to processes within the capability of the machine, but for which it had not been
designed. ‘‘They were able not only to analyze the machine but to improve upon ijt.”’

Through their analysis of machine motions along the XYZ axes, Mr. Stallsmith’s
students were able to automate a radial arm saw in a production problem. The only manual
step automated in the particular operation involved feeding a piece of stock to a limit
Stop. A tape recorder informed the operator of each step as it was performed. From the
speaker mounted at the work station would come the instructions: *‘‘Advance stock to
limit stop; air vice closes, linear table moves into position; saw turns on; saw moves
through stock; blade returns; saw turns off; linear table returns; air vice opens; stock is
ejected onto conveyor.”’ These seéparate actions were triggered by a tone on the tape which
was detected by an oscillator which in turn tripped a rotary table which had been rigged
as a distributor. Anoscilloscope was hooked into the control equipment to show the differ-
ence in wave patterns of the voice and actuating signals,

Earlier in your reflections uponthe formation of your concept of time, it was apparent
that it had been developed in an informal, largely unplanned manner, and concepts do de-
velop in this way. It is the task of the school, however, to identify important concepts to
be learned and then to planfor the deliberate development of these concepts in the school-
provided seiting.

The second major idea about which curriculum makers are concerned is structure.
Very simply, structure is concerned with the partsof an object and the ways in which they
are interrelated. The structure of a house could be seen in the ways the floors, walls,
roof, windows, dcors and other parts are arranged. The structure of a molecule would
be revealed by its atomic arrangements. A curriculum structure can be seen in the ver-
tical and horizontal arrangement of the various subjects and educational activities.

Vast quantities of seemingly disparate data are difficult to comprehend; therefore,
if an apparently logical structure is lacking, -man imposes an organization upon that data
in order to better understand it. A pile of 2 x 4’s of apparently random lengths has little
meaning, but when arranged into the framework of a house, the formerly confused mixture
of lengths assumes an integrated meaning,

The ordering of knowledges within a given body of knowledge is known as structuring
a discipline and affords man the meaning he strives for by providing simplicity and re-
vealing relationships. By comparing new knowledge with his structure he may experience
discovery. If the knowledge fits his structure he has added to his understanding of the
structure; if it does not fit, perhaps he must restructure his knowledge. In other words,
that random assortment of 2 x 4’s might conceivably fit as well, or better, into another
structure. This does not negate the value of the earlier structure, for without it he may
not have learned of the newer_ structure.

To speak of structuring the same knowledge differently may confuse you, and believe
me, structuring a body of knowledge is not a simple task. Most of the other disciplines
under reform already possessed an identified body of content which has since been re-
structured. In developing American Industry, however, we were faced with that pile of
mixed-up 2 x 4’s.

How does one go about structuring a “‘new”’ body of knowledge? We certainly could
not simply look for relationships among the knowledges typically taught in industrial arts.
Taken all together they were not representative of a unified body of knowledge. Too much
was left out, and too many random bits of knowledge were included. How could all of the
hundreds of tools, or materials, or specific industries be represented in our schools?
What rationale could possibly Justify the inclusion of some and the exclusion of others?

How indeed, does one goabout structuringa “‘new’’ body of knowledge? As in all cur-
ricvlum work, it was necessary to start with objectives in order to determine an initial
direction and identify the limitations of the task. At Stout we accepted but two of the ob-
jectives of industrial arts as the objectives for the American Industry Project. These
objectives are:

1. To develop an understanding of those concepts which directly apply to industry.

2. To develop the ability to solve problems related to industry. .

With our objectives providing orientation, the major task of defining the discipline
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had to be faced. Wasindustry adiscipline? Could its knowledges be ordered into a mean-
ingful structure? Industry as an entity, a unified whole, was represented nowhere in the
school curriculum, although bits and pieces of it appeared in social studies, science, math,
English, and yes, even in industrial arts.

We approached the task of structuring the discipline of industry based upon a review
of literature in the area of concept learning. Pooling the experience of some of the inter-
ested staff at Stout, we first defined industryin broad terms to identify the possible scope
of our investigation. The definition we have accepted holds industry to be an “‘institution
in our culture which, through the application of knowledge and the utilization of men,
money, machines and materials, produces goods or provides services to meet the needs
of man, and which results in a profit for the institution or society’’. This definition is
admittedly broad, but we depended upon our conceptual analysis technique to help us cate-
gorize the knowledges of industry so as to reduce them to comprehensible terms. In
making our conceptual analysis of this broadly defined body of knowledge, we first posited
a tentative model to represent an initial, categorical breakdown of the knowledges. This
model was then used as a ‘‘tool of inquiry’’ to be continually revised and improved as the
literature and experts in industry were consultéd. Applying our conceptual definition to
the literature onindustry we would try tofit the knowledges identified within the categories
first established in our model. As data was accumulated, and commonalities appeared,
sub-categories were established, each of which, in turn, became a model substructure
to be tested. Some, it was found, could be combined under an emerging master concept.
Each change brought us closer to an integrated understanding of industry.

It is important to emphasize here that we were structuring the body of knowledge of
industry using a conceptual anmalysis technique. This does not presume a curriculum
structure, nor does it necessarily impose a particular teaching methodology. If we were
to look at our communication modelin its broad sense, we would see that any communica-
tion is made up of a source, message, channel, receiver, depends upon feedback and is
hampered by interference. If enoughofthe sense of each of these subconcepts is grasped,
the learner, in applying this total model tonew situations, increases his total understand-
ing of communication. He does not have to know everything about all of the subconcepts
in order to make use of the model. If he learns enough of the structure of this concept
to establish categorical scope and limitations, he has a powerful tool of inquiry.

The early overall structure of industry, although somewhat naive, did provide a way
of gaining knowledge of our subject and improving our study techniques. We have con-
sulted with over 100 knowledgeable people in industry and education on the West Coast
and in the Midwest and applied their insights to our model structure. We will be talking
to consultants on the East Coast and in the South this year.

We are trying to build a theoretical structural model of which we will be able to say,
““This is the best we've been able to do up to now,’”’ but which we can also say will be
adaptable to change. The function of the theoretical model is to enable us to continue to
ask the kinds of questions that permit usto discover significant changes in the discipline.
This approach clearly recognizes the revisionary character of knowledge.

Utilizing this structure, we areattempting todevelopthree levels of courses, to begin
in the eighth grade. The broad objectivesfor the first level are (1) to develop a knowledge
and understanding of the major concepts of industry and their relationships, and (2) to
develop the ability to solve simple problems related to industry. This first course is
intended to establish that broad frame of reference to which the student can relate other
learnings. As he confronts these other learnings he will be encouraged to match them
against this framework, in muchthe same way as we have developed our theoretical struc-
ture. He will, in a sense, become an applier of our logical, theoretical structure in the
development of his own psychological structure. The approach for this first course is
therefore cyclical in nature, emphasizing the total unity of knowledges of industry and we
hope, here, to communicate the excitement and importance of industry.

At the second level of American Industry our purposes are to (1) develop in-depth
understanding of the concepts of industry, and develop refined understandings of the rela-
tionships among the concepts, and (2) expand the ability to recognize and solve complex
problems related to industry. At this level considerably more attention is devoted to
study of each of our concept areas as an entity in itself with some less attention continuing
to be placed upon interrelationships between content areas. This suggests less emphasis

4 upon the cyclical approach, although an integrated experience should be provided here, too.
] Level 111 would be concerned with the development of knowledge and problem-solving
3 skills within a concept area or cluster of concept areas appropriate to the individual’s level
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§J of ability and interests. The student would be expected to identify a problem area of sig-
}; nificance involving one or more concept areas. With the help of an advisor he would plan
his approach te the problem and develop his search and solution on a largely independent
e basis, utilizing other subject matter specialists as resource people. In this work he would
§ be encouraged to use any and all resources available to him in the school and in the com-
& munity,

é,c I have spent the greater portion of the time allotted to me in describing our basic
o8 rationale and method of inquiry, because without a clear understanding of the underlying

basis for our project, description of the mechanics of the project implementation might
be of interest but would have less meaning. To put it in contemporary terms, if our guid-
ance system is unreliable, or firmly locked onthe wrong star, we may never get into orbit.

Now for a quick look at the Project organization and progress. In 1962 a number of
staff members at Stout began a series of informal discussions regarding the conditions
of the field of industrial arts, which ledto a small grant from the U.S. Office of Education.
This was used torelease Wes Face part-time to review the literature on concepts and con-
cept learning. A year’s meetings of the staff working on the initial structure resulted in a
Ford grant for a one-year period to begin implementation and further development of our
ideas in the classroom. Ten teachers from Wisconsin and Minnesota were brought onto
campus for the summer to refine the structural model and develop a resource file for
teaching. Production of materials was done in a dormitory laundry room. We even took
time to get acquainted. That fall the teachers began to implement developmental first
courses on a tryout basis in classes from grades 7 -11. Based on these experiences a
proposal was submitted to the U.S. Office of Education for funding over a four-year period
to meet the following program objectives: (1) to complete the development of the American
Industry curriculum leading into vocational preparation; (2) to complete the preparation
of teaching materials for the American Industry curriculum; (3) to establish at Stout State
University a resource center for the American Industry curriculum; (4) to conduct a pilot

* teacher education program parallel tothedeveloping secondary curriculum, as a basis for
a recommended tea~her education curriculum; (5)tocontinuea series of institutes for the
preparation of in-service teachers; and (6) to promote research on related problems.

We now have twenty-three teachers at seventeen participating centers and two co-
operating centers, with about 1600 students involved. Roughly half of these are in Ameri-
can Industry classes and half are serving in control groups. Data are being accumulated
on all these students with comparisons planned with Project TALENT’s data to find if our 3
results may be more broadly generalizable. A written test is being completed, to be ad-
ministered this year in industry as a validation check on our theoretical structure and
our curriculum structure.

Our resource file is growing as a result of our early contacts with over 1500 indus-
tries. We have generated seven paperback student booklets for use in the first level, along
with a teacher’s guide. Fiveof ourteachers are teaching second-level American Industry
on a developmental tryout basis this year. It is planned to introduce standardized mate-
rials at second level next year, and begin a third-level course on a developmental basis.
Our teachers (all industrial arts teachers) range in experience from one to thirty-five
years of teaching, our centers are representative of a range of socio-economic levels, ’
from urban culturally-disadvantaged areas and low-income small rural schools to the
opposite extremes. Our students exhibit similar diversity. .

We have twelve pioneering students (of whom three are girls) enrolled in a pilot
teacher education program and who will be certified as American Industry teachers when B
they graduate in 1969. ‘

Our professional staff (all- former industrial-arts teachers) consists of two co-
directors, a research specialist, a teacher education specialist, an instructional media
specialist, a curriculum specialist and a coordinator of participating centers. We also
have nine research assistants on part-time assignments and four overworked secretaries.
The university has, in addition, provided us with one and one-half laboratory teachers
and a micro-teaching coordinator for the teacher education program.

We do have some problems which need attention. These include: (1) improving the
design of activities for the teaching of concepts introduced at each level; (2) improving
the backgrcunds of our participating teachers; and (3) providing answers to the school
administrators and teachers who want American Industry now.

I'll close on a more positive note than I began by summarizing what the American

Industry Project is.
The American Industry Project is a new curriculum area designed by industrial arts K
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teachers to provide a better answer to teaching industty; it is using the laboratory as a
tool in making concepts meaningful; it is trying to provide an integrated body of content
in an attempt to solve the riddle of articulation between general and vocational education;
it is concerned with providing a structure of knowledge for industrial arts teachers; it is
appropriate for all levels of ability in our secondary schools; it is for all boys and girls
in secondary schools; it is involved with local schools, administration, teachers and stu-
dents (and has been since its inception); and, finally, it is both developmental and experi-
mental.

With the knowledge explosion and the accompanying dizzying pace of change, we as
educators are engaged in competition, a competition for the minds of youth. 1’m hopeful
that the American Industry Project has something of substance to offer.

Mr. Flug teaches at Stout State University, Menomonie, Wisconsin.

THE JUNIOR HIGH SCHOOL PROGRAM IN
INDUSTRIAL ARTS—A STUDY OF INDUSTRY
AND TECHNOLOGY FOR
CONTEMPORARY MAN

Donald Maley

This discussion is a continuation of the presentation entitled ‘‘Industrial Arts—A
Study of Industry and Technology for Contemporary Man’’, The specific content will center
around the junior high school program that was designed to make industrial arts a
““Study of Industry and Technology for Contemporary Man’’, It is a program that has been
developed in the Industrial Education Department at the University of Maryland in co-
operation with the Montgomery County (Maryland) School System.

The need for a junior high school industrial arts program based upon the idea of pro-
gram and not-a series of things to be made presented an interesting challenge. It was
felt that the content and activities should be developmental and should be related to what
precedes the junior high school, as well as what follows. But, more importantly, the
educational processes should be directly related to what the individual is attempting to
accomplish during the period of his junior high school years. This latter item has a
strong bearing on the activities or experiences which contribute to the accomplishment
of developmental tasks identified with the group.

The methodology and the content have been tried out over a period of years in'a
series of pilot situations in the Montgomery County schools. At the present time, a major
part of the junior high schools in the county are on this program. This has, in a large
measure, been facilitated by excellent support and leadership from the county as well as
by a fine cooperative teacher-education workshop which was operated through the Indus-
trial Education Department of the University of Maryland.

Time and space in this presentation limit the discussion of this particular junior
high school industrial arts program to the following remarks. '

It is a program that hasbeendesigned to take advantage of or make use of the follow-
ing:

1. the integration of mathematics, science, communications and the social sciences
into the industrial arts activities;

2. the maximum use of the community resources extending from the total school to
the state, national and even international sources;

3. the use of a wider range of reading materials at all levels of difficulty and sophis-
tication;

4. the extensive use of inquiry, problem solving and experimentation in arriving at
solutions and procedures to follow;

5. the effective and meaningful use of ‘‘role playing’’ asa technique for greater
student involvement and direction by the student;

6. the extensive use of a broad range of student activities that go far beyond the mak-
ing of objects; the contriving of activities and experiences that will permit a diversity of
involvement, a greater display of talents and a greater use of the individual's special
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abilities, and finally;

7. ‘ne development of experiences in keeping with the behavioral characteristics and
developmental tasks of youth.

The seventh-grade program is based upon an anthropological approach to a study of
certain basic elements common to all civilized mankind. It uses the unit-seminar-con-
tract-project approach to teaching. The units are as follows:

1. The Development of Tools and Machines and Their Contribution to the Growth of
Civilization,

2. The Development of Power and Energy and Their Contributions to the Growth of
Civilization,

3. The Development of Communications and Transportation and Their Contributions
to the Growth of Civilization.

These units are established for the seventh grade program, and each student selects
his specific project and sub-topic that will contribute to the total unit topic. He does his
own research, investigation, planning, constructionandpresentation. Each presentation is
made in a seminar setting as opposed to the usual up-front class presentation. Each
student is encouraged to use his ingenuity and full range of capabilities in the development
of his written and constructional contribution. Each is encouraged to explore fully the
range of community resources available to him in his pursuit of his part of the contract
to contribute to the unit topic..

The eighth grade programis a contemporary approachto the study of American Indus-
try. It usesthe group project and line production techniques of teaching in the group proc-
ess approach to methodology:

(1) The group project involves an in-depth study of modern industry. This particular
approach is aimed at studying an industry using a project-industry as an industry-
organization format. Such an industry organizational structure would be similar to those
that are involved in the Apollo Project, Mercury Project, etc. The project-industry
organizational format is used only from anorganizational point of view, but the industries
studied may include steel, paper making, aluminum, copper, coal, oil, plastics, etc.

The end product from the constructional activity is a major project of considerable
size, complexity and ingenuity. The large project is supplemented by additional products
produced by the students in the pursuit of their roles on the personnel organization plan.

The students crganize into a functional line and staff (project orientation) personnel
plan comparable to those used in contemporary industry. This is in essence the organiza-
tion of people to accomplish a major industry study. The positions would include such
titles as project director, research director, industrial director, personnel director,
safety director, conmstruction engineer, project coordinator, electronics engineer, design
engineer, public relations director and many more. Each position represents an area of
student responsibility, as well as an area of meaningful role-playing.

The role-playing involvement is a major factor inthe group project. It also provides
for a wider interpretation of the organization, procedures, problems and contributions of
industry. This role-playing activity enlargesthe realmof student participation in keeping
with his interests, aspirations and capabilities. It also establishes the setting for the
exercise of authority, responsibility and leadership on the part of the student. The social
interaction and peer-culture relationships make this personnel organizationan invaluable
component of the total process.

The major project is the result of student ingenuity, planning, construction, problem
solving, social interaction and the boundless application of resourcefulness on the part
of the class. .

(2) The second form of group methodology usestheline production technique to make
an in-depth study of the volume-producing industries with their organizations, problems,
I}roducts, processes and contributions.

The value of this latter approach is highly dependent upon the degree to which the
teacher sees it as an experiential opportunity involving organization, role playing, financ-
ing and economics, ownership, planning, designing, public relations, tooling-up, quality
control, labor relations, occupational studies, sales, stocks, communications, etc.

Here again, the resourcefulness of the students in seeking outside-the-laboratory
assistance and advice is encouraged. The total school and community should become the
sources of help for the student as well as the teacher.

This is definitely not a case where the teacher does the planning, jig-making, the
problem solving and the supervising. It is a student enterprise that has few limits in the
realm of human opportunities to grow, to explore, to test and to gain a greater under-
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standing of contemporary industry.

The eighth grade study of contemporary industry is intended to assist the student in
developing concepts related to the broader aspects of the subject such as:
concepts related to the organization of industry,
concepts related to productivity,
concepts related to occupational opportunities,
concepts related to mechanization,
concepts related to automation and cybernetics,
concepts related to labor-management relations,
concepts related to the financial structure of industry, and
. concepts related to the changing role of the individual in industry.

The ninth grade program is aimed at a different level of individual aswell as at a
different level of study. It isbasedupon a concept of the location of the ninth grade in the
6-3-3 school plan as well as upon the developmental tasks associated with that age and
grade level.

Basically, the content centers around contemporary units of study, increasing depth
study inindustry and a greater understanding of the problems of industry. From the human
needs point of view, it is a multi-pronged approach taking into account the psychological
needs of the individual, his resourcefulness, capabilities, future aspirations, problem
solving and ingenuity. The specific approaches that may be used at this level include:

(1) contemporary units,

(2) research and experimentation,

(3) group project study of industry,

(4) line production study of industry, and

(5) technical development (group or individual).

The ninth grade program includes the research and experimentation program as
another possibility for student activity. This is a program that has had a great deal of
acceptance and recognition since its first development at the University of Maryland in
1952 and especially since its introduction into the public schools in 1959. )

The “‘Research and Experimentation’ approach is basically an attempt to put into
practice what the best of educational psychology and practice tends to advocate. The pro-
gram is an individual-centered approach with the scientific method of problem solving
being the principle element. It is a program that starts with the curiosity of youth and
then proceeds through a well-ordered inquiry based upon acceptable research procedures.
The problems are all selected by the students, and special emphasis is placed upon this
fact. This is a student-centered approach. It is the student’s curiosity that provided the
momentum for the program. Teachers that insist on selecting problems for the students
to work on, and published booklets that suggest a guided series of experiments for the
student, have no part in this program. It is at this point where many teachers are unable
to visualize and performa role that takesthem out of the ‘‘telling”’, “‘lecturing’’, ‘‘demon-
strating’’, and ‘‘assignment-making’’ kinds of teaching which have dominated their edu-
cation all of their school years.

The pursuit- of the problem by the student involves the development of a scientific
approach tothe object of his curiosity. He learns and practices the techniques of research.
He uses the language of research—statements of problems, hypotheses, assumptions,
variables, findings and conclusions. He soonlearnsthat reading, letter writing, telephon-
ing, visiting, interviewing and observing are some of the tools he can use in gaining the
information he needs. And, above all, he soon learns that the sources of information may
take him beyond the teacher, beyond the other teachers in the school, and beyond county,
state or national boundaries.

During the days and weeks of research, constructing the necessary apparatus, and
developing the experimental objects, a series of seminarsis held to provide for a system
of communication and an opportunity for challenge among the young researchers. It is
here, in the seminars, where the communication skills are developed and the opportunity
for the unique talents of each to contribute to others is made a reality. The seminars
provide a sounding board for problems, ideas, sources of information and the completeness
of the research. These seminars have become one of the most important phases of the
program.

The individual project or technical development phase is another selection open to the
teacher. He may wish to engage in this form of activity after he has made a thorough
study of the needs, aspirations, characteristics and capabilities of the student.

These experiences may range from the simplest of tool and manipulative experiences
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to highly technical work in the areasof numerical control, metallurgy, material technolo-
gies, bonding and adhesive studies, forming processes and automated control devices.
The range of opportunities is present, and the nature of the experience again lies 1n the
point of view and concept of education (industrial arts) held by the teacher.

It is of vital importance that theteacher again be a ‘‘manager of education’’ and not a
dispenser of facts. The teacher’s role should center around those actions that promote
maximum student growth and development through stimulation, guidance, evaluation and
facilitation,

The development of the art of ‘‘learning to learn’’, of resourcefulness, problem
solving and self-dependency should be encouraged. The process by which one gets his
answers remains a matter of central focus.

The above brief outline of the projected junior high school (an actuality in a number
of schools) is based upon some of the issues that were presented earlier. It is an attempt
to put educational theory into operation. It has had an excellent acceptance by some of
the most outstanding educators of the day.

But, more fundamental than its acceptance or plaudits, the program has focused on
an experiential-laboratory-for-people concept. It has emphasized the individual’s role
as well as his differences in his engagement in the learning processes. It has put the
process of self-education ahead of teaching-as-telling tothe extent that the process where-
by the answer is obtained is more important than the answer that is achieved. It is based
upon a concept of educationthrough inquiry rather than the memorization of isolated facts.
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Dr. Maley teaches at the University of Maryland, College Park, Md.
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Dr. Paul W. DeVore ?

What justification is there for being concerned about the development of knowledge &
and for suggesting that the structure of knowledge and the methods of the discipline be i
utilized in deriving curriculum content for the industrial arts?

For one thing, the industrial arts are concerned with general education and based
upon cultural universals. This, accordingtoSmith, is distinct from concern with speciali-
ties which consist principally of vocational callings. (20, p. 230.)

In addition, Phenix believes disciplined understanding is the foundation of general
education. He states that the content of general education is not ‘‘knowledge in general”’,
which everyone has, but authentic disciplined knowledge. It is general in that it is based
upon cultural universals and relevant to all students and not to members of special
groups. (14, p. 314.)

Knowledge is basic to and a means of implementing the objectives of education. For 4
instance, development of problem-solving abilities or interests or attitudes or apprecia- ﬂ%
tions depends on the student obtaining new knowledge and new information as opposed to F
mere opinion. This is true if we desire certain specific attitudes, abilities or interests ¢
to be developed. A curriculum based on organized knowledge fields is better learned
and retained than knowledge which is specific and isolated. The discipline structure also
provides meaningful relations required for efficient learning. In addition, knowledge in
a discipline is cumulative, utilizing a hierarchy of concepts applicable to numerous situa-
tions in an individual’s learning experience, thereby providing a greater efficiency and
permanence of learning through continual reinforcement of the basic ideas, principles
and concepts. (4, p. 19 and 42,) Fundamental to this point of view is the need to stress
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that the student learn the methods whereby new knowledge is added to the field and how

present knowledge is altered or eliminated.
‘“He also observes that whenproblemsare solved, they are solved through the utiliza-
. tion of similar methodologies and techniques. The techniques of postulation, deductive
v reasoning, empirical verification, inference, proof, trial and error and discovery are
recognizable elements. Each of these techniques for solving problems is shared by all
engaged in technology in essentially the same manner in each development.” S, p. 8.)

Determination of the fields of knowledge which can be classed as cultural universals
is not an easy task. Many systems have been devised for different purposes. Our purpose
is formal education, and, for this, Ten Hoor provides a logical answer based upon three
questions:

““Formal education, it can be said, is concerned with three different though inter-
related kinds of knowledge, each of whichis man’s answer to questions he has been asking
himself since the beginning of civilization. (1) What is there to be known about the ex-
ternal world and about those who live in it? (2) What use can we make of this knowledge?
(3) What use ought we to make of this knowledge? (21, p. 423.)

The three questions identify respectively the distinct but interrelated knowledge
fields of the sciences, the technologies and the humanities (21, p. 423.) Utilizing a basic
criterion of a structure, namely, simplicity, these three knowledge areas are accepted
as the foundation upon which tobase further analysis and to derive a structure and content
for the industrial arts (16, p. 3). These fields of knowledge contain discipline areas which
meet the criteria set forth by Phenix as being an identifiable organized tradition of men
of knowledge and evidence fields of inquiry in which learning has been achieved ir an
usually productive way (14, p. 316-17). Thepresent analysis is a macro-technology anal-
ysis identifying a universe of content and is in keeping with the principles of structure
and general education. Other examples, of a more definitive classification, are of the
micro-technology analysis and are concerned with areas or divisions of the content uni-
verse which can be subsumed under one of the three knowledge areas described. Both
efforts must be pursued.

Technology has been described as man’s special power, and Arnold Toynbee, (22,
P. 650) the great historian, considers it one of the major areas of human endeavor on a
plane equal to economics, politics, art and religion. Th~refore, if we accept as valid the
assumption that education is integrally related to the culture of each period, we must as-
sume that a society whose base is technological and scientific will reflect the technology
in some measure, inthe curriculum of its schools. When one examines the areas of human
endeavor, he is amazed at their variety and realizes that all activities cannot become a
part of the school curriculum or that any one activity can serve as a master activity.
However, many of the major activities are sointerrelated that to omit the study of certain
| key activities is to limit perspective and deprive the student of true understanding. Cer- .
3 § tainly this is true of the study of technology, an area of endeavor common to all mankind.

: Whereas only a few ina society are directly involved in the pure sciences, all are involved,

: t to some degree, in the creation and utilization of technology. One would assume, then, :
that technology will be afforded increasing importance in determining the goals and con-

tent of general education,

‘ In recent years man has become aware of the force exerted by technology in the de-

' velopment of civilization. The understanding and comprehension of techndlogy is impor- ‘

tant in fulfilling a fundamental objective of education, namely, understanding the culture. ‘

This is clearly indicated by Kranzberg:

““Anyone who is at all interested in understanding the past, in learning how the pres-
ent got to be the way itis, or in speculation about the future - and this would include every
) thinking man - must be concerned with the development oftechnology and its relation with
o society and culture.’”” (9, p. 56.) \

What is meant by the term “‘technology’’? First, we recognize that technology is an
é area of human knowledge, as are the sciences and the humanities, and is an endeavor
| common to all mankind at some level of sophistication. By emphasizing the relationship
of man and technology, we are concerned with the human elements in the body of knowledge
and with man as the creator of thisknowledge. The concern is with the modes of thinking,

! the problem-solving and the solution of technical problems together with the socio-cul-
tural relationships involved.

It is important to recognize that technology is not science, nor is it applied science.

The nature and statement of the problems, the methodology and the goals are different. .
Progress in the technologies, according to Jarvie (8, p. 388), depends upon the increasing
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clarity with which technological problems are posed and upon our improved ability to
think ahead. The structure and character of technology are complex and interrelated
and require analysis on the level of generalization rather than on the level of the skill-
faculty of individuals. The complexity of technology results from the fact that the prob-
lems are environmentally centered and involve-.socio-cultural components. Jarvie (8, 7
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p. 388) illustrates this point as follows: e

“For example, much of our technology must be changed when we enter weightless
or low gravity environments, just as big Tokyobuildings are different from big New York
buildings on account of earthquakes.’’

Technology is concerned with the possible withingivenenvironments. Where science
is concerned with the investigation of the whole universe and the discovery of the structure
and laws that govern nature, tec nology is concerned with the creation of structures for
specific, delimited purposes. The goalof pure science is the discovery of new knowledge.
The goal of applied science is in understanding and extending this knowledge. Both deal
with a reality that is given. Technology sometimes utilizes the knowledge and information
of science and applied science in creating. At other times problems are solved without
the benefit of science or applied science. As Skolimowski notes, (19, p. 374), “‘In science
we investigate the reality that is given;in technology we create a reality according to our
own designs.”’ i

The problems of science are dictated by the scientific field of investigation; whereas,
those of technology are dictated not only by the environment but by the social setting as
well (8 p. 388). Inour society, we cannot discuss economics intelligently without a knowl-
edge of technical innovation, invention and the function of these elements in producing
goods and services. The body of knowledge created by technology is vast, and interrelated
to all fields of Knowledge. ) : . ’ 4

In today’s world, when there is a greater need than ever before for technological : Ty
literacy, we discover the contemporary status of the industrial arts to be one of confusion ;
1 and perhaps indecision, with a few notable exceptions. Teachers in the profession, how- , .
ever, are becoming increasingly aware that the cornfusion is the result of our heritage, e
and that the indecision is the result of inadequate perspective. )

Contemporary scholars have provided new insights into the heritage. Because of 4
= i these efforts, our history is less perplexing and our perspective more adequate. Three
L . rather distinct philosophies have emerged and are supported in various degrees by mem-

i ) bers of the profession. These philosophies range on a continuum from (1) courses based
‘on a craft or trade approach devoted to vocational or occupational goals with emphasis on
) skill development, through (2) programs concentrating on the study of the production ele- i 4
. i ments of industry indigenous to the United States, to (3) programs evolved from the con- ; E:
3 cept of man as the creator of technology, incorporating the foundational technical and ! 3
' cultural elements of the several areas of tachnology. i
. It is proposed that an industrial arts curriculum based upon the study of man and i
1 . technology is the most valid of the three content approaches’for the following reasons.
A A study of man and technology:
E 1. provides a better base from which to implement the purposes and objectives of
3 general education; ) . .
- ] 2. is not limited or isolated by geographical boundaries, thereby evidencing the true ¥
4 nature of disciplined inquiry; : 3
- 3. is concerned with man, regardless of national origin, as the creator of technology
3 4. provides a meaningful relation between technology and man’s culture (Historical, : f
: . anthropological, social and economic elements of the culture are important to the under-
standing of man’'s technology, and a knowledge of man’s technology is vital to the under-
standing of any culture.); and
5. identifies a knowledge area meeting the.criteria ofa discipline in thé truest sense
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L 3 of the term. 4
: The three fields of knowledge comprising the framework for general education have ' P
between the elements, patterns or structures and interrelationships essential to teaching 3

TR

and learning. The task, then, is one of selecting principles and procedures to serve as
] criteria for determining a pattern of curriculum organization.
, The tremendous volume of knowledge available to be learned forces the search for
criteria which can be justifiably utilized to reduce the mass to suitable and manageable
propoitions.
Essential to the determination of any curriculum structure is a basic philosophy. The
present analysis is based on a sociological concept of defining curriculum structure in
AN
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terms of the universal institutions created by man or of the universal endeavors engaged
in by man. These universal institutions and endeavors make up the fabric of all progres-
sive societies.

An historical and social analysis of man’s progress in various cultures, for instance,
establishes a number of man’s universal technological endeavors. We discover in our
analysis that man in all stages of his technical development has been a builder, a com-
municator, a producer, a developer, a transporter, a craftsman and an organizer. All
progressive societies evidence these areas of technology, namely, construction, com-
munication, production, research and development, transportation, craft industries and a
hierarchical division of labor. These are universal technological endeavors that have
developed and progressed, establishing bodies of knowledge which have survived. Each
has a specific structure, raises certain questions, has definite lines of progression and
has been productive in an unusual way.

The importance of approaching curriculum development for the industrial arts and
general education from this point of view is supported by Smith:

“‘Finally, the civilized person is one who has mastered the art of living with others
in harmony and cooperation. But since the universal institutions are, in every progressive
society, the means of cooperative life, the civili .ed person is one ‘who is in possession
of the universal institutions of his time’.”” (20, p. 229.)

One of the reasons for the confusion and lack of consistent direction in industrial
arts has been the failure to establish the area or to think of it as a discipline. Why is the
concept of a discipline a necessary consideration? For one thing the term has distinct
meanings, and, as in all concepts, it is a convenient way of conveying, by the use of one
term, a broad complex idea.

Discipline, as a term, can be used to define a minute segment of knowledge which
meets certain criteria or it canbe usedto describe a body of knowledge which meets cer-
tain criteria. The use of the term depends on the hierarchical level at which one is dis-
cussing the knowledge concept. In this discussion the latter is assumed, together with
the elements which make up the discipline.

When we use the.term ‘“‘discipline’’, we are actually indicating that a body of estab-
lished knowledge exists, a body of knowledge which has been determined and agreed upon
by specialists in the identified field. To understand the term more fully, we should realize
that a discipline is:

1. “Dynamic in nature. Disciplines and the knowledge fields comprising them are
dynamic, not static. They are constantly evolving. New disciplines are established, old
disciplines eliminated or changed.”” (14, p. 10 and 18, p. 86).

2. ““Cumulative in Nature. The'body of knowledge comprising a discipline is cumu-
lative and has been established by its own unique pattern of investigation utilizing proven
techniques, methods and procedures. Validation of new knowledge by others is possible.”’
(18, p. 84-85.) -

3. “Theoretical in Nature. The body of Anowledge of a discipline consists of key
ideas, principles and concepts unique to the field and evidencing the true essence of the
discipline. The basic concepts range in difficulty from elemental to complex. Under-
standing the basic concepts provides means to comprehend a vast knowledge field and
serves as a foundation from which to increase knowledge and simplify learning.”’ (See
Brady, Organization, Automation and Society) (14, p. 11-12 and 18, p. 84.)

4. “Structural in Nature. A discipline evidences a system or structure, the body of
knowledge, composed of ideas, principles and concepts, is patterned in an hierarchical
order.”’ (12, p. 47 and 14, p. 324.)

5. “Integrative in Nature. Disciplines, although unique and separate in their own
right, are interrelated and utilize findings from allied fields. Some are more dependent
on other areas.”” (14, p. 320; 4, p. 18 and 26, p. 50.)

A discipline, therefore, is essentially a body of knowledge which meets certain cri-
teria. - Whether the subject matter of a course meets these criteria depends upon how the
course is taught. The methods of inquiry, the concepts, basic ideas and the application
of principles must all be consistent with the discipline. This, according to Ten Hoor
(20, p. 424), determines its claimtobeinga contribution to the discipline. And this inter-
nal consistency is extremely significant when one is concerned with curriculum develop-
ment and the structure of a knowledge area. (4, p. 14.)

Much effort has been directed by the professionin preparing definitions of the indus-
trial arts with little attention to the identification of the body of knowledge, determination
of a valid philosophical base or selecticn of curriculum principles or guides. Even these
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are inadequate if a classificdtion of knowledge inthe technologies does not exist. Machlup
(11, p. 15) believes that attempts to classify and order knowledge (in the sense of what is
known) are more often enlightening thanattemptstodefine it. He states that an exhaustive
classification may suggest a definition. This would indicate one reason for our failure to
implement a fruitful and productive educational program in the industrial arts: preoccu-
pation with definitions and the almost total lack of concern with knowledge classification,
content, and the methods of thinking in the discipline.

Attempts at curriculum analysis and development are less than rewarding without a
taxonomy  of the body of knowledge identifying the structure and its elements. Technology
can be verbally defined, but to understand the elements and their functional relationships
one requires a’knowledge of the total structure.

““The questing mind is naturally given to analysis; and whatever else it may also
mean, analysis always seems to imply a search for component ‘parts’. Without relations
between the parts they would remain isolated, meaningless and unintelligible. If we can
speak of analysis, we can also speak of the structure which we hope will emerge as a re-
sult of our analysis.” (23, p. 28.)

There are a number of reasons to engage in efforts in taxonomy or classification of
knowledge areas, not the least of which isto obtain an accurate perspective of the content
reservoir. Without a full perspective of the content reservoir, a valid curriculum cannot
be developed. In addition, a taxonomy of the area of technology would:

1. “Eliminate confusion and simplify the task of curriculum planning by providing a
perspective of the relationships among the elements and the structure and order the knowl-
edge area into specific categories, thereby assuring a balanced allocation of content.’’
(14, p. 250.)

2. “‘Facilitate communication among the membership of the field of knowledge, to-
gether with others such as administrators, curriculum specialists and scholars in related
fields.” (4, p. 10.) :

3. “Simplify understanding and economize intellectual effort by treating large num-
bers of different things as though they were identical regarding the aspects by which the
categories are defined.”’ (12, p. 47-4, p. 36 and 42-43, p. 45.)

4. “Provide a base for a long-term research and inquiry into the nature of the dis-
cipline area by ordering the area of knowledge in such a way as to reveal significant re-
lationships and properties as well as the interrelationships among the elements of the
structure.’’ (4, p. 17.)

5. “Provide a base for developing valid evaluation instruments by identifying ele-
ments of content to be evaluated.”

6. ““Aid in identifying the difficulty levels of content areas for establishing instruc-
tional sequences at different learning levels.”’

A review of taxonomies established by other knowledge areas reveals certain guiding
principles which have been developed to serve as selection criteria. These taxonomies
evidence the following characteristics:

1. “Mutually exclusive groups. Categories or clusters are established, wherein
each larger unit is a combination of subgroups. The groups or categories are established
in a hierarchical order.”” (25, p. iii.)

2. “Each category is identified by a word or phrase which delimits the category but.
is non-transient and permits additions to the structure as discoveries of new knowledge
warrant.”’

Example: ‘““The remaining categories form the basic taxonometric hierarchy of
animals, any given species belonging thus to seven obligatory categories as follows:
(12, p. 47.)

Figure 1

Kingdom ..............Animalia
Phylum .. .............Chordata

Class v vvvveveneene. . Mammalia
Order....vovvvvvues...Carnivora (Wolf)
Family ...............Canidae
Genuse o v vt vvivevaes. . Canis
Specj;es...............Lupis"

3. ‘‘There are arelatively small number of mutually exclusive groups or categories.’’
(16, p. 3.)
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4. ‘‘The distinction between groups or categories is established by a universal con-
cept inherent in the knowledge area itself.”

5. ‘‘Taxonomies are logically developed and internally consistént. There is evidence
of external stability with internal flexibility and adaptability to evolving new knowledge
within the discipline.”’ (4, p. 14.)

6. ‘“Taxonomies are not limited to local or national knowledge areas but are inter-
national in scope. The mutually exclusive categories are of the external world and not
simply categories of the contents of first-person experience.’”’ (26, p. 120.)

7. ‘*Taxonomies have structure because there are internal relationsexisting between
the elements. The structure is dependent upon this interrelationship.’’ (23, p. 12.)

8. ‘“The structures of taxonomies vary from extremely logical and homogeneous
classifications of the elements to vague, ambiguous, heterogeneous and difficult-to-define
relationships of the elements.’’ (23, p. 20-24.)

Figure 2
Math Art
Logic Aesthetics
Homogeneous Heterogeneous
Structure Structure

Many knowledge structures exist and for various purposes. The Dewey Decimal
System, Department of Commerce Bureau of Census Classification System, Society for
the History of Technology Bibliography Committee Qutline, Domestic and Foreign Gov-
ernment Economic Export Classifications and the United States and International Patent
Classification System are several examples. Each of the systems contain both macro-
and micro-analysis. The United States Patent Office Classification System, for instance,
is divided into five major groups, three hundred classes and fifty-seven thousand sub-
classes. Allofthe above classification systems deal with technology in one way or another.

An analysis of the several systems, however, discloses support for Tranoy’s con-
clusion: -

““There are also certain important cases where the same whole can be analyzed in
different ways, giving totally different structures that do not bear any simple relation to
each other although they give equivalent explanations for the whole. A case in point are
the two different ‘models’ that can be given for any atomic phenomenon, the particle
model and the wave model.”’ (23, p. 21-22.)

Continual evaluation is in progress pertaining to classification systems in the tech-
nologies. There is evidence that more and more of what was once divided into .separate
categories, with separate functions and purposes, is now being incorporated into total
systems, such as communication systems, transportation systems or production systems.
Concern is with the ‘‘whole’” and not only with the component parts. For instance, the
function of the knowledge area of communication concerns information dissemination,
storage, retrieval and use. The methods of accomplishing this, whether in a man-to-man,
man-to-machine or machine-to-machine system, vary with the task. Elements of radiant
energy, printing, photography or graphic representation, by man or machine, are utilized
to achieve the most valid solution to a given communication problem.

One test of an adequate taxonome=ric structure for the study of man and technology,
in addition to the principles of taxonomy listed previously, is universalism. The structure
must be applicable to technology in general, and not indigenous to.any one country or
civilization. This is true, since no one country or civilization can claim credit as the
sole creator or utilizer of technology. .

The purpose of a taxonomy is not to limit a field of knowledge arbitrarily but to
ascertain its totality, together with the component elements and their interrelationships.
Curriculum development thus follows the determination of the structure and its elements.

‘... The nature and function of the ‘elements’ is determined by the position which the
‘elements’ occupy in the ‘structure’, while the ‘structure’ is what it is because of the
‘elements’ which constitute it. That is to say, ‘structure’ and ‘element’ occur only in
indissoluble fusion. There exists no ‘structure’ without constituent ‘elements’ and there
exists no ‘elements’ without functional relations of some sort to a ‘structure’.’’ (26,p.120)

Using the information provided in the analysis of disciplines, knowledge areas and
taxonometric principles, an approach can be determined which may provide a base for
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establishing a definitive curriculum structure for the study of the industrial arts and
technology.

It should be recognized and made very clear that a structure is not a curriculum,
nor is it something to be ‘‘given’’ or taught to a student. A structure is a tool to be used
in curriculumdevelopment and is ‘‘arrivedat’’ by the student through the learning process.
A discipline structure does not classify instructional methods, materials or behavior
changes expected in students. Each of these areas requires separate analysis and struc-
ture. (4, p. 12) Itdoes classify elements of knowledge and indicates relationships. Also,
the previous discussion implies that the nature of the content, in large measure, deter-
mines the method of instruction required. (See Ten Hoor).

It has been posited that all of man’s knowledge can be subsumed under three broad
headings. These, created by man, are the sciences, the technologies and the humanities.

Each knowledge area seeks to answer a basic question:

1. What is there to be known about man and his physical universe?

2. What use can be made of the information furnished by the sciences for the benefit

of man?
3. What use ought to be made of the information furnished by the sciences for the

benefit of man?

The knowledge area of technology furnishes the base for the derivation of the content
reservoir fog the industrial arts. Following this approach, the function of the industrial
arts in a forgpal educational program is delimited to:

““The study of man and technology (including the technical and cultural-social ele-
ments) as a creative endeavor in meeting the needs of individuals and cultures in the
areas of products, transportation and communication, through the utilization of the prop-
erties of matter and energy.”’

The industrial arts are closely related to man’sendeavors in meeting his biological-
physiological needs. The main responsibility for meeting these needs, however, rests
with the agricultural and medical technologies and is not a part of the present considera-
tion. In terms of products, communication and transportation, it is evident that definite
interrelationships do exist between these bodies of knowledge.

Man’s development of his technology in the area of the industrial arts is directly re-
lated to his culture and is social in nature. Drucker notes this in his discussion of the
production area: 4 . -

““The mass-production principle is not a mechanical principle. If it were, it could
never have been applied beyond manufacturing, and independently of assembly line, con-
veyor belt and interchangeable parts. It is a social principle - a principle of human or-
ganization.”” (6, p. 6.)

Therefore, throughout the development of the following example of a taxonomy, a
social orientation is implied if not specifically indicated. A taxonomy of technology incor-
porates both cultural-social and technical elements. The present example is limited to

one series of hierarchical elements.

Figure 3
Discipline Technology

1
Technicol Elements Cultural-Social Elements

A taxonometric Structure for the study of manand technology, based on the foregoing
definition and delimitation and from an historical and social analysis, identifies three
major areas of technological endeavor. These areas represent the essence of the disci-
pline, are consistent with major components in other technological classifications and
provide for internal adaptability to change through the use of non-transient terms. The

. technical areas are: L7

i

. Area ‘ Functions

Providing. goods and services of economic
value for man’s needs and wants.

Providing information dissemination, storage,
retrieval and use.

Providing movement of man, materials, products
and services.

1. Production
2. Communication
3. Transportation
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The technological areas of production, communication and transportation are found in all
cultures regardless of their stage of development. Hence, they meet the criterion of uni-
versalism,

A study of each of these physical areas indicates that they vary in their primary
function, being unique discipline areas in their own right, and, as with other discipline
: areas, such as zoology and botany, they require their own taxonometric classification
=~ scheme. However, a close interrelationship exists betweenthe areas of production, com-
3 munication and transportation and their elements, thereby meeting a requirement of
3 structure. Analysis of one technical area, production, provides an example of the proce-
» dures in taxonomy.

The area title is Production. Production is composed of two divisions, namely,
manufacturing and construction. Manufacturing, to take one division in the structure, is
composed of two categories, fabricationl and processing.2

1Fabrication is the making of a product from pieces, such as parts, components or
dssemblies. It also includes the making of the individual products or parts. Items of a
discrete nature, such as tires, nails, spoons, screws, refrigerators or hinges, are fab-
ricated. (1, p. 32) 2Procersrsing consists of manufacture by continuous means, or by a con-
tinuous series of operations, for a specific purpose. Items of a continuous nature, such
as strip steel, beverages, breakfast foods, tubing, chemicals and petroleum, are proc-

ifé
g
g essed. (1, p. 32)
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Figure 4
Discipline: Technology

Technical Elements Cultural-Social Elements
J -
Areas: Production

Communication

Transportation

ied
5
s

Figure 5 .
Discigline‘: Technology
] — L

Area: Production Transportation Communication

{ L
Division: Manufacturing Construction

]

| i
Category:  Fubrication Processing ,

The next level in the structural hierarchy provides for the departments in the fabri-
cation category. The departmental level alsoexists in the processing category. However,
for purposes of this discussion only one line of development is illugtrated.*

*Note: Anatomy of Automation by Amber and Amber was used as a resource for
classification terms.

4

-E: Figure 6

¥ Category: Fabrication

r | |
;“?1 . Departments: Research Design Product Personnel Planning
L5 and | and Processing and

Development Engineering Control
Purchasing Sales Plant Finance
and Engineering
Distribution

i

S 3, o

Various functions are assigned to each department. Focusing on one department,
Product Processing, one observes the following functions:;
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Figure 7
Dspartment: Product Processing
. |
Function: MdtLriaIs Materials Inspecting Assembling
Handling Working
Tes;ing Packaging

Each function, such as materials working, is composed of operational levels. The
Operational levels relating to materials working are identified in Figure 8.

Figure 8
Materials Working
l
) [ | 11
Tc!ols Chip Mold EIecI:fro Force
and Generating Fomming and .
Tooling Chemical
Bending Fabrication ~ Assembly
Treatment

Each operation is composed of basic structural elements which can be sub-divided
and classified as to type. Selecting one element from the operation classification, Tools
and Tooling, an illustration of type level in the hierarchy is shown in Figure 9.

Figu;e 9
Operation: Tools and Tooling -
f I
Type: Jigs Fixtures Patterns Templates Dies
Ype: P
and
Punches
Machines Molds Gages
o

The next to last classification heading denotes to some degree the evolutionary stages
of the operational type. The element Machines, as an example, is composed of Classes
as shown in Figure 10.

Figure 10
Operation: Tools and Tooling
R

Type: Machines
Class: Sfonle and

Wood Hand Metal Hand Power Machine

Tools Tools "~ Tools

Semi-Automatic Fully Automatic

Machine Tools Machine Tools

The final hierarchical level further delimits the evolutionary aspects by denoting the
order of complexity. See Figure 11, next page.
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Figure 11
. Class: JFully Actomatic . 3
. Machine Tools .
i ' [ |
Order:  Repeat Self Equatian Limited Self 3
Cycle Correcting Solving Programming 1
Relating ,é:recfion Command
Cause & and k
Effect Originality
“ , An example of a classification for one series of elements is shown in Figure 12. ?

Figure 12 - y

A Taxanomy of Technology

Discipline: Technology "

N,

. 1
’ Technical Elements Cultural-Social Elements 1
3 J I, 1, '
) Areas: Transportation Production Communication v
B . ‘ k N
1
| Division: Mcnuffccfuring Canstruction oo #
— T 1.
Category: Fabrication Processing :
§ I - A
i Department: ProducI:f Processing J
£ . : Function; Materials Workin ]
K - —J—S
Operation: Tools and Toaling ;
i 1 »
| Type: Mcchi’nes
Class: Fully Automatic Machine Tools
- N Order: Repeat Cycle ;
N 3 ot

The basic premise of the foregoing discussion rests on the assumption that the de-
velopment of general education programs for the public schools involves three bodies of
knowledge created by man, namely, the sciences, the technologies and the humanities.
As defined previously, the body ofknowledge called technology contains the content reser-
voir from which public school programs in the industrial arts derive instructional content. 4

Derivation of the content is attained through the establishment of a taxonomy. With
properly developed structures from which to derivé content, it is possible to proceed
with curriculum development for the public schools. Here, too, some form of structure
is required. Basing the program onthe study of man, his technology and his three founda-
tional technical endeavors, namely, production, communication and transport<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>